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M r. John Smeaton, F. R.S. a very celebrated Civil Engineer, aiul 
author of the enfuing Reports, was born the 28th of May, 1724, at 
Aujihorpe, near Leeds, TorkjJArc, in a houfe built by his grandfatlier, where 
the family have refided ever litice, and where our author died the 28th of 
October, 1792, in the 68th year of ’his age*. 

* 

Mr. Smeaton feems to have been born an Engineer. The originality of 
his genius and thc'ftrength of his underftanding appeared at a very early age. 
His playthings were not thofe of children, but the tools men work with ; 
and he had always more aimifement in obferving artificers work, and afleing 
them queftjons, than in anything elfc. Having watched feme mill-wrights 
at work, he was one day, foon after, feen (to the diftrefs of his family) on 
the top of his father’s barn, fixing up fomething like a windmill. Another 
time, attending fome men who were fixing a pump at a neighbouring village, 
and obferving tliem cut off a piece of bored pipe, he C9ntrived to procure it, 
of which he made a working pump, that adtu.illy raifed water. Thefe 
anecdotes refer to circumftances that ha'ppened when he was hardly out of 
petticoats, and probably before he had reached the 6th year of his age. 
About his 14th or i^th year, he made for himfclf an engine to turn rofe-work, 
and he made feveral prefents to his friends of boxes, in wood and ivory, 
turned by him in that way. 

His friend and partner in the Water -works, Tylr. Jotr :. Holmes, 

vifited Mr. Smeaton, and fpent a month with him at his fatherib houfe, in 
the year 1742, when confcquently our autl\or was about 1 Shears of age. 
• , Mr. floLMES 
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Mr. Holmes could not but view young Smeaton’s works with aftonl/h- 
inent : he forged his own iron and fltidted his own metals : he had 

tools of every fort fey working in wood, ivory and metals. He had made 
a lathe, by which he had -cut a perpetual ferew in brafs, a thing very little 
known at that day. ^ 

* • 

Thus had Mr. Smeaton, by the ftrength of his genius, and indefatigable 

induflry, acquired, at 1 8 years of age, an extenlive fet of tools, and the art 
of working in moft of the mechanical trades, without the aflidance of any 
mafter, and which he continued to do a part of every day when at th: place 
where his tools ware j and fow men could work better. 

Mr. Smeaton’s father was an attorney, and was delirous of bringing his 
Con up to the fome profelllon. He was therefore font up to London in 1742,* 
whbre for fome time he attended ^he courts in Wefinmjier-Halli but finding 
that the profeffion of the law did not fuit the bent of bis genius^ (as h^s ufual 
expredion was,) he wrote a flrong memorial to his father on the fubjed, 
whofo •good fonfo from that moment left Mr. Smeaton *to purfue tjae bent 
of his genius in Jus own way, 

Mr. Smeaton after this continued to refide in London^ and about the 
year 1 750^he commenced phflofophlcal inftrument maker, whfoh I'® con^nued 
for fome time, and became acquainted with mofl: of the ingenious men of 
that time. 

Thjs fame year he made his firfl communication to the Royal Society ; 
being an account of Dr. Knight’^ jmprovements, of the Mariner’s Compafs. 
Continuing his very ufoful labours, and^making experiments, he com- 
municated to that learned body, the two following years, a number of other 
ingenious improvements, as will be enumerated in the lift •of bis writings, 
nt the en^ this account of him. * 

In S75ihebcgitna courfe of fttperiments,^ tb try a machine of his inven- 
tion for meafuring apfhip’s way at foa ; and alfo made two voyages, in com- 
pany with Dr. ICviG9t« to tiy it, as well as a compafo of^is own invention. 

la 
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In 1753 he was elefted a member of the Royal Society; and in 1759 he 
was honoured with their gold medal, for his paper concerning the natural 
powers of water aijd wind to turn mills, and other taachines depending on 
a circular motion. This paper, he fays, was the rcfult of experiments made 
on working. models in the years 1752 and 1753, but not communicated to 
the Society till 1759 ; having, in the interval, fottnd opportunities of putting 
the refult of thefe experiments into real practice, in a variety of cafes, and 
for vari'ous purpofes, fo as to affure the Society he had found them to 
anfwer. 

• • • 

In 1754, his great thirft after experimental knowledge led him to undertake 
a voyage to Holland and the Low Countries, where he made himfelf acquainted 
with moil of the curious works of art fo frequent in ihofc places. 


In December 175^. the Edyjione Ligbihouje was burnt down, and the 
proprietors, being delirouc of rebuilding it in the moft fubftantiaJ manner, 
enquired of the Earl of Macc LEsriELo, then Prefident of the Royal Society, 
who he thought might be the lilted perfon to rebuild it; when, he immediately 
recommended our author. Mr. Smkaton accordingly undertook the work, 
which he completed with done in the fummer of 1759. Of this work he 
gives an arpple defeription in a folio volume, with plates, publidied in 1791 ; 
a work which contains, in a great mcafurc, the hidory of four years of his 
life, in which the originality of his genius is fully difplayed, as well as his 
adlivity, indudry and pcrllvcrance. 


• • 

Though Mr. Smeaton completed the building of the Edyflone higbtbovfi 
in 1759, yet it feems he did not foon get info full bufinefs as a Civil Engineer ; 
for in [764, while in 7'orkJJjiret offered himfelf a candidate for one of 
the receivers of the Deris ml’water edate ; in which he fucceeded; though 
two other pcrfo’ns, drongly recommended and powerfully fupported, were 
candidates for the employment. In this, he had the faithful and friendly 
fupport of Sir Francis Gosilino, Alderman of Londonf and one of the 
Commiflioners. That edate was forfeited in the year 1715, and the revenues 
thereof were applied by Parliament, towards the fund of Greenwieb Hq/pUal. 


It condds of mines of lead, 

• Voi.. I. 
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It required, better than common management, and above alJ, that Jtnowledge 
abfolutely nccelTary to bring mines of lead and coal to the moft prododive 
cfFcdl. This was the# objedl of the Commiffioners, and it has been amply 
repaid. Machines of all kinds, and better means on a great plan, were 
devifed for a more eafy and ample working thefe mines, by Mr. Smeaton : 
while, the corrcifl judgment^ patient induflry, and great abilities and fincerity 
of Mr. Walton the younger, of Farnacres near NewcaJiJe, (his partner 
in the jduty of receiver,) taking upon himfelf the management and the 
accounts, left Mr. Smeaton, leifu re and opportunity, to exert his abilities 
on ihefe works, as well as ta make many improvements in the whole of 
this eftate of Greenwich Hofpital, 

By the year 1775 he had fo much bufinefs, as a Civil Engineer, that he 
was defirous of refigning the appointment for that Hofpital, and would have 
done it then, had not his friends prevailed upon him, to continue in the office 
about two years longer. • , 

Mr. ‘Smeaton having^ thus got into full bufinefs as a Civil Engineer, it 
would be an endlefs talk to enumerate all the various concerns he was engaged 
in. A very few of them however may be juft mentioned in this place. 
—He made the river Colder navigable ; a work that required great /kill and 
judgment^ owing to the very impetuous floods in that river.— He planned, 
and attended for fome time, the execution of the great, or Forth and Clydes 
canal in Scotland^ for conveying the trade of the country either to the 
Atlantic or German Ocean. • When this work had been executed from the Forth 
towards the Clyde » as far as a point intended for the jundlion of a collateral 
canal to Glajgowt the work flopped, and was difeontinued a confiderable 
time, by the funds being exhaufted. Before that period, Mr. Smeaton 
bad declined accepting his falary, which was five hundred pounds a year, 
that he xni^t not be prevented from attending to the multiplicity of other 
bufinefs^ and conceiving the rehdent engineer, Mr. M'Kell, was fully 
' Ctrmpetent to condu^ itafterwards. After a l^pfe of fome time, the work was 
n^med, by public ^aid, and has been carried on, and lately completed, under 
of Mr. .Whitw.orth, to the great benefit of trade and that 
aJonatiry*. , , 


Oil 
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On opening the great arch at London Bridge, by throwing two arches into 
ene« and the removal of a large pier, the excavation, around and underneath 
the fterlings of that pier, was fo confiderable, as tQ,put the adjoining piers, 
that arch, and eventually the whole bridge, in great danger of falling. 
The previous opinions of Jbme were pofitivc, and the apprchenfions of all 
the people on this head were Co great, that many perfonfr would not pafs over 
or under it. The Surveyors employed were not adequate to fuch an exigency, 
Mr. Sm.eaton: was then in Torkjldre, where he was fent for by exprefs, and 
from whence he arrived in town with the greateft. expedition.. He applied 
himfelf immediately to examine the bridge, aixd to found about the dang^ous 
fterlings,. as minutely as he could. The Committee of Common Council 
adopted his advice which was, to re-purchafe the ftones of all the City Gates, 
then lately pulled down, and lying in Moorjiclds, and to throw them pell-mell, 
{or pure perdu,) into the water,*to guard thefe fterlings, preferve the bottom 
from further corrolion, raife the floor under the arch, and reftore the head 
of water necefiary for the water-works to it’s original power j and this was 
a. pradlice, he had before, and afterwards adopted on other occafions. Nothjng 
fliews the appreHenfions of the bridge facing, more,, than the alacrity with 
which his advice was puefued : the ftones were re-purchafed that day j 
horfes, carts, and barges were got ready, and the work inftantly begun, 
though it, was Sunday morning. Thus Mr. Smeaton, in all human pro- 
bability, faved London Bridge from falling, and fccurcd it till mote effectual 
methods could be takeiu 

• 

In 1771 he became,, jointly with his frieil^ Mr.^HoLMES above-men- 
tioned, proprietor of the works for fupplying Deptford and Greenwich with 
water; which, by their united endeavours, they brought to be of geheral 
ufe to thofe they were made for,' and moderately henehcial to themfelves. 

Aftronomy vi^as one of Mr. Smeaton’s moft favorite ftudies ; and he con- 
trived and made feveral aftronomical inflruments for himfeir and friends. 
After, fitting up an obfervatory at his houfe at Aujlhorpe, he devoted much 
of his time to ifwhen he was there even in preference to public bufineft, 
much of which he declined, for. the purpofe of applying his attentions, to- 
private ftudy, particularly to the fubje«ft of aftronomy. 

c 2 
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Aboxt the year .1785 Mr. Smeaton's health began to decline; and» in 
confequence, he then took the refolution to avoid new undertakings in 
buHnefs as much as h» could, that he might thereby alfo have the more 
leifure to publidi Tome accounts of his inventions and works. Of this plan, 
however, he got no more executed than the account of the Ed^Jione Light- 
boufey and fome preparations* for his intended treatlfe on mills ; for he could 
not relift the folicitations of his friends in various works. Mr. Aubert, 
whom he greatly loved and rcfpedled, being chofen chairman of Ramfgate 
Harbour y prevailed upon him to accept the office of Engineer to that har- 
bour, an office eftablilhed at that time, as, iie had been occalionally con- 
fulted only, previous thereto ; and to their joint efforts the public arc chiefly 
indebted for the improvements that have been made there, within thefe few 
years ; which fully appears in a Report that Mr. Smeaton gave in to the 
Board of Truftecs in 1791, which has been* publilhed in various ways. 

The powers of his mind were beginning to fail, in the obfervatiomof his 
intimate friends, and afterwards of all. He is known to have faid, on talk- 
ing of his health, that he«found he had fuifered more from the application 
he paid to the fcheme, defign, and propofltion of a Canal from Birmingham 
to Worcejiery (which was then very much contefted in Parliament) than all 
the buiinefs he had ever met with. 


Strong exertions were hcccflaryj which, if he had been vigorous as he 
was wont, it would have* fat ealy upon him ; but alas ! with the deficiency 
then commenced, it was hard labour indeed, and thereby promoted, the ruin 
faft approaching, and much to be lamented. 


This lamentable tale is told, for the inftruftion of th(^e engaged, and fo 
circumftanced, at. that period of lift, when, the powers of the mind are 
borne down by the complication. and vaftnefs of an objefb fubmitted to it. 


.The Jbill for that work pafled bjTa fmall majority; but the difficult and 
part of that work has not as yet been attempted * He was noEt the 
pr> bu^tbe Aipporter of that propofition. 



It 
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It had for many years been the pradtice of Mr. Smeatom to fpend part 
of the year in town, and the remainder in the country, at his houfe at 
Attftborpe. On one^ of thefe excurfions in the country, while walking in 
his garden, on the i6th of September, 1792, he was ftruck with the pally, 
which put aa end to his ufeful life the 28th of Odtober following, to the 
great regret of a numerous fet of friends and acquaintance. 


The great variety of mills conllru(fted by Mr. Smeaton, fo much to the 
fatisfadtion and'advantage of the owners, will (hew the great ufe he made of 
his experiments in 1752 and 1753. Indeed he fcarcely traded to theory in 
any cafe where he could have an opportunity to inveftigate it by experiment ; 
and for this purpofc he built a (leam-cngine at Auflhorpe, that he might make 
experiments exprefsiy to afcertalh the power of the Old or Newcomen’s 
fleam-engine; which he improved ^nd brought to a much greater degree of 
certainty, both ih it’s conftrudlion and powers, than it was before. ‘ 

During many years of his life, Mr. Smeaton was a condant attendant on 
Parliament, his opinion being continually called for. And here his natural 
drength of judgment and pcrfpicuity of expreflion had their full difplay. It 
was his copdant pradlicc, when applied to, to plan or fupport any meafure, 
to make himfelf fully acquainted with it, and be convinced of it’s merits, 
before he would be concerned in it. By this caution, joined to the clearnefs 
of his defeription, and the integrity of his heart, 'he feldom failed, having 
the bill he fupported, carried into an a(d of pArliampnt. No perfon was 
heard with more attention, nor had any one ever more confidence placed in 
his tedimony. In the Courts of Law he had feveral compliments paid to 
him from the Bench, by the late Lord Mansfie£d and others, on account of 
the new light he threw upon diflicult fubjedls. 

V • 

As a Civil Engineer, he was perhaps unrivalled, certainly not excelled, by 
any one, cither of the prefent or former times. His building the ^yfiem 
Lightboufe, were there no other monument of his fame, would edablifh his 
charafter. The Edyftone Rocks have obtained their name from the great 
variety of contrary fets of the tide or current in their vicinity. Th.<y tto 

. Ilteted 
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fituated nearly S. S. W. from the middle of Plymouth Sound. Their didance 
from the port of Plymouth is about fourteen miles. They are almod in the 
line which joins the Stert and the Lizard Points ; and as they lie nearly in 
the direction of velTels coading up and down the Channel, they were un- 
avoidably, before the edablidiment of a lighthoufe there, very dangerous,, 
and often fatal to diips. Their iituation, with regard to the Bay of Bif cay 
and the Atlantic, is fuch, that they lie open to the fwells of the bay and 
ocean, from all the fbuth-wedern points of the compafs ; fo that, all the 
heavy ieas, from the foutb-wed quarter, come uncontroflled upon the Edyjlone 
Rods, and break upon them with the utmod fury. Sometifttes, when the 
fca is to all appearance dnooth and even, and it’s furface unruffled by the 
flighted breeze, the ground fwell meeting the dope of the rocks, the fea 
beats upon them in a frightful manner, fo as not only to obdrud any work 
being done on the rock, or even landing upon it, when, figuratively fpeak- 
iog» you might go to fea in a walnut dlell. That circumdances, fraught 
with danger furrounding it, (hould lead mariners to wifti fora lighthoufe, is 
not wonderful j but the danger attending the eredion leads us to wonder, 
that any one could be found hardy enough, to undertake it.' Such a man was 
fird found in the perfon of Mr. H. Winstanlev, who, in the year 1696, 
was furnifhed by the Trinity Houfe with the necefifary powers. In 1700 it 
wasfinifliedj but in the' great dorm of November, 1703, it was,dedroyed, 
and the pfojedor perilhed in the ruins. In 1709 another, upon a different 
conftrudion, was creded by a Mr. Rudyerd, which, in 1755, was un- 
fortunately confumed by 'fire. 

( • 

• • 

The next building was under the diredion of Mr. Smeaton, who, having 
confidered the errors of the form’er condrudions, has judicioufly guarded 
againd them, and ereded a building, the demolition of which feems little 
to be dreaded, unlcfs the rock on which it is creded fliould perifli with it. 
Of his works, in condruding bridges, harbours, mills, engines, 6cc. ficc. it 
ifirere endlefs to fpeak. 

A 

his inventions and improvements^of philofophical endruments, as of 
^t^^^r*pomp, the pyrometer, hygrometer, &c. &c. fbme idea may be formed 
lid bf his writings inferred below. 
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In his perfon, Mr. Smeaton was of a middle ftature, but broad and 
ftrong made, and poiTeiTed of an excellent conftitution. He had great 
(implicity and plainnefs in his manners : he had a warmth of expre(!ion that 
might appear, to thofe who did not know him well, to border on harlh- 
nefs j but, fuch as were more clofely acquainted with him, knew it arofe 
from the intenfe application of his mind, which was always in the purfuit 
of truth, or engaged in the invedigation of difficult fubjeffcs. He would 
fometimes break out hadily, when any thing was faid that was contrary to 
his ideas of the fubjeid ; and he would not givo up any thing he argued for, 
till his mind v^as convinced, by the deducement of faAs, before unknown to 
him, and by found reafoning. In all the focial duties of life, Mr. Smeaton 
was exemplary; he was a mod adeftionate halband, a good father, a warm, 
zealous, and (incere friend, always ready to affid thofe he refpedled, and 
often before it was pointed out •to him in what way he could ferve them. 
He was a lover and an encourager of merit wherever he found it ; and many 
perfons now liwng are in a great meafure indebted for their prefent iituation 
to his affidance and advice. As a companion, he was always entertaining 
and indrudive, and none could fpend their time in his company without 
improvement. 

As to ^e lid of his writings ; befides the large work above-mentioned, 
being the Hidory of the Edyjiont Ughthoufit and numbers of Reports and 
Memorials, many of which were printed, his communications to the Royal 

Society, and Inierted in their Tranfa(dions, are as follow: 

• • 

• ^ 

1. An Account of Dr. Knight’s Improvements of the Mariner’s Com* 
pafs. An. 1750, pa. 513. 

2. Some Improvements in the Air-Pump* An. 1752, pa. 413. 

3. An Ei>gine for raifing Water by Fire ; ‘being an Improvement on 

Savary’s Condruidion, to render it capable of working itfelf; invented 
by M. De Moura, of Portugal. Ib. pa.* 436^. * * • 

4. Defeription of a new Tackle, or Combination of Pulleys* lb. pa. 4^* 

5. Experiments on a Machine for meafuring the Way of a Ship at Sea. 
An. J754, pa. 532. 
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6 * Defi;ripfiofl of a new Pyrometer. Ib. pa. 598. 

7. ESfeds of Lightning on the Steeple and Church of in Corn* 

•mU* An. 1757. pa. 198. 

8. Remarks on the different Temperature of the Air at Edyjione Lightboufe 
and zt Pfyimab. An. 1758. 'pa. 488. 

9. Experimental Enquiry concerning the natural Powers of Water and 
Wind to turn Mills, and other Machines depending on a circular Motion. 
An. 1759, pa. 100. 

16. On the Mcnftrual Parallax arifing from the mutual Gravitation of the 
Earjth and Moon^ it’s Influence on the Obfejrvation of the Stm and Planets, 
with a Method of obferving it. An. 1768, pa. 156. 

It. Defeription of a new Method of obferving the Heavenly Bodies out 
of the Meridian. An. 1768, pa. 170. 

12. Obfervations on a Solar Eclipfe. An. 1769. pa. 286. 

13. Defeription of a new Hygrometer. An. 1771, pa. 198. 

14. An Experimental Examination of the Quantity and Proportion of 
Mechanical Power ncceflary to be employed, in giving different Degrees of 
Velocity to heavy Bodies from a State of Reft. An. 1776*, pa. 450. 


CONTENTS. 
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, . ^ .’V 

\ ^ P^eilfoott near Keuda^t 30th Oiflober, 1797, 

Ck NT LEGMEN, 

advertjfemcnt relative to the puhlication of Mr. Smeaton’s works, 
recalls to my mind a requcll made from you, through Mr. Bbqoke, 
“ that his dawghters would aflift in furnidung any^anecdotes illuftrative of 
** his life and charailcr.” And this rccollcdtion calls upon me to apolo- 
gize for the apparent negledl, as wtll as to account why an office fo pleafant 
could be delayed for a moment. The fadl is. Gentlemen, that, however 
immediate the impulfe was to Jet about it, I foo« found, in fo doing, the 
talk at once difficult and delicate. • 


The public car, I am afraid, is fatiated and /aftidious ; .and the plain 
anecdotes of a plain man, like him, though .intereding to individuals, 
could awaken little public curiolity, or perhaps, give ifill lefs fati .faction 
when awakened. And, extraordinary as it may leem, his family, probably 
lefs than others, are in poffieffion of anecdotes concerning himj fpr, thougli 
communicative on . all fubjcdls, and ftored with ample, and liberal obler- 
vations on others j of he never fpoke. In nothing does he feem 

to have Adod more fingle, than in being devoid* of that egotifm, which, 
more or lefs, affedls the world. It required. Ibmc^addicfs, even in his 
family, to draw him into converfation diredlly relative to himfelf, his 
purfuits, or his fuccefs. Self- opinion*, felf-intcreft, and fclf-indulgence, 
feemed, alike, tempered in him, by a modefty infeparablc fipm merit, — a 
moderation in pecunLify ambition,-— a habit 0/ intenfe application, and a 
temperance Arid beyond, the common Aandard. And,: it is owing, perhaps, 
to this regulation, that, through a courfe of i|^cffant fatigue, fticredible 
exertion, from Jix years old to Jixty, the multiplicity of bufinefs, and pref- 
furc of cares, h^ver had power to deaden his affiedtions, or injure his 
temper. 

VoL. I. d I fay, 


d 
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I iay, **Jx years eld to fitly t* becaufc while in petticoats, he was con- 
tinually dividing circles and fquares j <all his play- things- were models of 
machines, which deftroyed the filh in the ponds, by raifing water out of 
one into another. At fchool j-— his excrcifcs, in the law, to him not an 
agreeable deilination ; his dry, though ufeful attainments, occupied him 
through the day i— but mechanics, and his favourite fludies, 'engrolTed the 
chief of every night. So that his mind appears to have indurcd an inccf- 
fant exertion through that period. 

It was his maxim, ** that the abilities of the individual, were a debt 
** due to the common (lock of public happinefs, or accomm(;dation !" 
This appears to have governed his aftions through life i for the claim of 
fociety (thus become facred) his time was devoted to the cultivation of 
talents, by which he might benefit mankind; and thcnceafter, to the un- 
wearied application of them.— — 

Indefatigable in the purfuits they led to, the public arc in poflefllon of 
all which Nature intrufted'to him, or the ineafure of life allowed. 

His friends know well how to appreciate the honefl man, who valued 
them ! And W'hat he was in Ids family, every member of it could fpeak, if 
called upon, with equal gratitude, pride, and pleafure ! 

The arrangement of his time was governed by a method, as invariable 
as inviolable : for prcfefiional lludies were never broken in upon, by any 
one; and thefe, (with the exception of ftated agronomical obfervations,) 
wholly ingrofled the forenoon. His meals were temperate, and for many 
years reftrided, on account of health, to rigid abilioence, from which he 
derived great benefit. 

m 

His aftemoofts were regularly occupied by pradical experiments, or fome 
other branch of mechanics. And not more entirely was his mind de- 
voted to his profefilon in one divifion of bis time, than abfiraded from it 

in 





ill anoth«t‘/^':i?/?:^S^*3tev68«^ 'an affe^idV lively, a 

manner at once fo^eerfial'liod ferdttfe* that it is impoCTlhlc' tiSVayi ti^ether 
the charm of inflfili^lions, of the jgfiSntle- 

nefs with which they wsfe cofjveyciiv endeared ‘his h,o<tie. Ailbme, 
in whicli from infancy Ave cannot'-recbllcdl: to havd leen k 'lfifee of diffattfs 
faftion or a Wolsd of afpetity to iMy Ofte. Yet %?th jdl 'iSHs-hc was abfor 
lute I And it is for caluiftry in- educattoiHf, of rule; to exj^laOl .Ms authority t 
it was an authority* asimpoilibletodirputeks todefinev ' 

The command of his feelings^ aiifd fubmiflicfti temper, natnfalljjr warm, 
CO realbn and "benevolence, were llrongly iHufb'ated by k circuthftance^ 
(in my recoliedion,) peculiarly trying to him* It arofc from the condud of a 
man tbrnierly employed as a clerk, in whorh having the higheft confidence 
and cllccm, he procured'hira a limilar, though more lucrative, fituation 
in a public office; Where he I'erved with a fidelity which in time pro- 
moted him to a Nation, of high truft and refpoiifibility, (my fotlier being 
hound, jointly with another gentleman, for his coftduft, in a conftderable 
liim.) It were ncedlcfs to fay by what degrees in error this man fell; it 
fufficcs, that at laft he forged a falfe llatemcnt, to meet the deficiency ; 
that he was detefted, and given up to jufticc. The fiimc poll bfought 
news, of “the melancholy tranfaclion ; of the, man's compun(3tions and 
danger ; of the claim of the bond forfeited ; and of the refufal of the other 
perfon to pay the moiety ! — Being prefent whfin he read his letters, 
which arrived at a period of Mrs. Smbaton’s <ieailining health, fo entirely 
did the command of himfelf fecond his anxious attemion to her, that no 
emotion was vifible on their perufal; nor, till all was put into the bell 
train poflible, did a word, ©r iook, betray thj? exquifite dillrefs it occa- 
fioned him. Jin the Mierim, all which could’ foothe the remorfe of a 
prilbner, every means which could fave,* (which did, at leall from pub- 
lic execution,) wbre exerti^ for him, with a charadlcrillic benevolence, 
** adlive and unobtfufiye*” ' v 



xxviu donif ktmwT or rate ^ < 

7l4c difintereftedh mo4<wiion aw1ikidi>»e^ 

io private life ei#nced » bis public onmi bore the (bare ilimp : vnd after his 
health had Vrithdravvh *^11101 from the !iAh>«lf yf his '^relS^on, many in- 
fiancee may ti(ef*ioflaiMoed by tho^,‘ indAt^^liem to piefa 

importunately for e rcfumptiofo\>f It > and when fome iwf feemed dif* 
pofed to chfikoe , their entteaides hy^ further pi^peds of lucrative recom- 
phnce, his reply was ftfOngly** cheraRacriftio c€* hfe fimpld manners and 
modc'ratioe. He intmduced the old vrotnan^ who took care of hi& chambers 
in Grafs Inn, af»#-fliewihg dfr, aflerted, ** that her attendrnce fufBccd for 
** all his wants.” 'Tfilo'lhfeniince was ieiidii|katable, ‘*fhr money coulvi not 
** tempt that man to forego his eofe, lenure, or independence, whofe 
** requifites of aicommodatusn were cumprefTed withm fuch iimita 1” 

iJcfore this, tlie Trincefs De Aseo?!? made an apt comment upon this 
trait of his chara^tcrj^ when^ after vainly ufing every perfuafion to induce Mm 
to accept a carte Mans;]^ from the Emi»:iess of Russia, (as a rtcornpence 
for dirediugl^hiC vaft' projeiis in that kingdom,) fhc obferved, “ Sir, you ire 
•* a gr^t man, atid I honour yool Tou may havi an cqoJlJ in abilities pci- 
** hapsj but in cbaralf r youftand fingle. Tht Bng/ijb ininifter, bit Roiuar 
** Wa'I^poi.E, vfjis miRaken, and my fovereigti has the nmfortune to find 
" £«rjlffl» who; ha^ ocr his price r 

Early in life he attrA^d the notice of the date fituKE and Duchess cd 
QUEENSilt/RY* il’oin a ’flrpnli; ref-fTiblanoe to their favourite Gay, the p ct. 
The commencement of this* acqmiintancc was lingular^ but the continuuiice 
c/ ilicir and partiality liJ^d .through hfe.— -Their firfi: meeting vras at 

iiMclagb, where, talking with Mrs. ^meatok, h*> an cJdetly lady 

and gentleman fiK a;^',c|fid«it, i^d marked oqt himj^ After fotpe 

t.’tns they a^ loft flopped him, and the Duc^rss (of eccentric niemoiy) 
laid, “ 1 4ont know who you arO'Or wkjS|||^x»re,t>ut fo ftVpngly do 

«• you refcmble my pOor dear Cay, wc wUj^ bo aotjWAipted} you fiJl go 
home and fup with usj and'*if the minds ,of the two men accord, as do 
the countenance, you wit] £od twp ^eerfui old fllks, w'ho can love you 

’Well i 





“ t<kt»W^<lr^yo« m an^Jijij^fife,) yotj can at aftrtf 4eCerve U.”*— 

Tb« jnviitAiUoii |f!M4A«cepi«d> an 4 « long as ibe Dmut md Dt^ssfm Uvecly 
the frieudlhiptffi^t^ {pordialil^ i|^ntej‘iuptc<i; hnlleejfiy their Society lt «4 fo- 
much of the p%'«rjli|tl|t|^u|jMS wit »a4*g«w>«ioeft hftow ho^^«to connli^c, it 
provod! to bei» osivopg the ‘moil; agseeahl^ rekvMkMis of hts, ljjSt.->-A l^ y i j F 
amicable aii 4 r p)eafiuH hoiltiity was raoewedt ^whenever they ffict, of tali^ 
and good huAnoor | !« the coafAs of Which* be tlie. abolition 

that inconfiderate indifcriimii)4{e play* ^xnongSt people of foperior rank or 
fortune, which copspels eeery 0m to join* and at their cHhn Aake tco.^^My 
father aeteihedpfrd% «nd hiaa|lttBfim»ipev«r ^llw^lng the game, played.like 
a boy. Tliega^ was Pape Joanj the general run of it was high* and the 
ilakc in Pope" had ftqcidentally apctiitn^Jated to a fum were than fen our. 
It was my father^it turn by the deal, to'* Sotiii& tt, when, rcgardlcfs of his 
cards, he buhly made miQ^tes hn a icrap of paper* and' put it on the board. 
The Duchess eagerly afleed him'what it Was? and he aS coolly replied; 
** Your Gr..ce*w‘ill recollc.^- the hold in wliich my \o\ySt Aands may be 
“ about 5 acres, 3 roods and 7 perchcf, which* af thtJtjr jffears purchafe, 
“ v'lll be juft my flake* fnd if yo«r Grace v:ilTiaaie a Ikike of m, T pre- 
** lame the winner will not d|fHkc my mortgage.” — The joke andtbe kiTon 
h d al.ke their weight ; tliey n^\er after played but for the mereft'Ui^c. 


Ihc manly fimpliclty of deportment to his fltpeiioi-S, Jiowevef? was-alike 
free from pt^enflon tpd fuvillty; and an invati^le CQlti(i<ieratioh and kind- 
ntf*! to his infciiors* produced a Angular fentimenlof SenetatHlA* in thofe who 
frvedhiin. • *. ' 


** R 

lie al'^^J^ys apprehcndtfd, tlfi^ flrolc*^' Which Wminated his life, as it was 
lit! editary in his flifnlly j as* it gave the melancholy pof- 

flhility of out-living hl^Tobblties, or the poM cr of doing ^good : to ufls his 
own wor^s, ** ^er the jpirit bad evaporated T 


When this really dild hf^ppen* the compofurc,'with which he met it; his 
anxious tndcavottf to fcftei any alarm to his family ; his refi^nation to the 
event; and hisdigiillted thdnkfhlnSji^d' finding at lafl* his iutclleA was fpared, 
> ' were 



km «0Mfi A’OCQUNT, ^ 

* 

W4sr«; evefy my mt^hf <4 hin^C^^StlU hk% i(iv4r4l}!d i9 k 

•* rMedl* , * ' ' i 

k ^ ♦ v 

* f ' I , V ' ' ■' 

Id the intertfi*. (fix wceh$} xU Bubuhies* and evei^ afredtioiiif were aa cleat* 

w[Ui>)«^dij»*as an; peiiiisil of his;hfe> itictxig^ry t^as teivaciouai 

ana hia ingetiulty as a£dve to felh:vie(.|he jwcpnatssHeticks of ius then fiuu- 
tioa» as fttch fituation gave what k termed, tiauble t« tboCe ahont him.~^ 

* Utt exjprefiedf defii’C aiqid plcsifitCA* lU feaidg ahe ufaal occupa> 

patioas refuiipedj and fctdinp drawingl^^ Piuik and Hllit)mVrat;ion excited 
the fimt istcrefi;# the &tab cHeerBil amid judicious oh&rvattaua as cWt. 

He would fometimes of his own called it,) of 

apprehenfion, and then would oxcoie it wUha^dhtuIei ioyiogi ** it could 
** not be otheriaife* tho fiiadiMr lengthen) as the fun w. '<t down i” 
There was no fia^n^s in fafi to lament; fbt* he was as ready at cai>'t.iationS) 
and as perfpiiuous In dt|i1ahation, as at any former peiiud. S phe- 
nomena reipeftlng the |npoii|| were aficfd hspa one cveningt wlwn it ac ai i * tlly 
ibone W^t, foil into Mnodm. When he had fpoke fully on thct.<, his 
eyes remained fixed upon it wi^ a moll animated attention) to us iin- 
prellive; then turning fhetD) . on us with benignity) obferved) ** How often 
** have I looked «|) to it with itw|airy arid wonder 1 To the period, when I 
** Ihall have thn and privileged views of an HonxAFTER) and all will 
** be comprehenfion and pit sfure i" ^ 

Shortly after, the end he had through life dellireidr was granted ; the body 
gradually funk, bot tbe mind ihone to the laid s apd in the way good men 
afpirc tO) he doAd a isfe, aftive as uAfuI, amiiAle as^tvered ! 
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QUESTIONS propofed by the Magiftrates and Town-Council oi Dumfries 
to the conhderation of Mr. Smeaton. Odlobcr, 1760. 


TT7HAT is the eafieft and moft eSeftual method for preferving the town's 
V V grounds of Kingbelme fibm the future encroachments of the river ? 

ad. How can the navigation of the river Nitb be moft eafily improved. from King-, 
holme to Keltorii and the channel rendered lefs precarious than it is at prefent i 

m 

. 3 d. It is dellred that Mr. Smeaton may vilit the works carried on in the under part 
of the river, oppoHte to the Merle grounds of Netherwood, Cargin, and Lagball •, and, upon 
confidering the courfe of the river, and the fituation and extent of thefe works, to give 
his opinion *how far the navigation of the river will be bettered or injured by fuch works ; 
and what amendments or alteration of them are neceflaty for preferving the navigation 
entire ? And in cafe fuch works are attempted to be made by other heretors, what 
orders ought the Magiftrates and Town-Council to give thereanent, as being guardians 
of the public navigation of this river j and how many fetft or fathom broad ought the 
channel to be kept free at thofe places ? 

In cafe it lhall be thought proper or necefllary that, any of the works already erefted 
ought to be deftroyed, whether ihould the ftakes be pulled up or knocked down, equal 
to or below the furface of the ground where they now are j and what ought to be done 

with luch parts of the works as are of ftone ? • • , 

Eben. HepbVrn. 

John Dickson. 

Wm. Clark. 


Vot. I. 


B 
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ANSWERS to the queftlons propofed by the Maglflnites and Town-Council 
of Dumfries, for the confidcration of J. Smeaton. 

TTAVING carefully examined the courfe of the river With and the banks thereof, 
from Dumfries to Kirkomul on the Weft fide, and from Kelt on to Dumfries on 
the Eafl, both upon the flood and ebb of a Ipring tide, I am of opinion as follows : 

Anfwer to qucftion i. — Where the banks, by the undermining of the water, tumble 
down, I would advife tliem to be floped as low down as where the water begins to adt, 
and tx> defend the foot of the flope by rows of ftakes, Angle or double, .according to the 
violence of the water’s adtion, placed in a diredtion parallel to the bank, with binders to 
confine down a lay of fafcincs pointing towards the water. The flope of the bank muft 
not be greater than to incline five feet backward for every yard of perpendicular height j 
the furfacc of this flope to be fodded, fown with hay feeds, or otherwife grafled over as far 
as the grafs will grow, and the remainder covered witii gravel, laid partly upon the fafeines. 
'I'hc diredlions of the rows of ftakes ought to 'be fuited to the diredtion of the water, 
attempting ns much as polfible a right line or fair curve, avoiding much as pofiible 
all fudden turns and irregularities. 

Anfwer to queftion 2 . — The channel of the river Nith has fo many fudden turns and 
ir regularities, that the tide fpends itfelf among the finuofities of the river, and in filling up 
wide fpaces above, after having pafled through narrower below, and is thereby prevented 
from mounting to fo great a perpeixlicular height as it would otherwife attain, in the upper 
parts of the fiver near Dumfries in cafe the courfe was more ftraight, and had a more regular 
contradlion ; and this difadvantage is ftill the greater,as the fpace of time occupied by the 
tide of flood is fo Ihort, that it begins to ebb bdow, before the loops of the river, in the 
fuperior part, have time to filT tq the level that the furface had been at in the lower, at 
high water. The navigation, therefore, feems incapable of any great improvements at 
any moderate expence, otherwife than by'cutting a navigable canal, with proper locks and 
other works uporr it, which can be done for much Ids than it would coft to make the 
river itfelf tolerably regular. But the way to prevent it from growing woric than it now 
is, muft be by hindering it from becoming ftill more crooked, and growing ftill more 
wide abovp than below, giving as free a paflage as polfible to the tide of flood, dpecially 
. in the moft contrafted places. Whatever contributes to this end tends to preferve it j 
whatever has a contrary effeft muft be a detriment to it. 

Anfwer to queftion 3. — In vifiting thofc grounds and works, I obferved as follows. 
That Cargin Mcrfe being lituated on the concave fide, or in the very bottom of a con- 

fiderable 
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fiJerable loop of the river, the dircftion which the current receives from the fi'i-ciior 
grounds, on tide of ebb, and from the inferior, on tide of flood, both fliongly tend to 
carry away the land of Cargtn Meife, and thereby to render, the loop Hill deeper : I am 
therefore of opinion, that the jettys and works there conftruefed, in as much as they con- 
tribute to prevent this loop from growing deeper, that is, tlie river fiom grcv. ing n.orc 
crooked, they thereby contribute to the benefit of the navigation. But 1 am of opinion* 
that thofe jettys have been advanced too far into the river, whereby the couifc of the 
water has, in that part, been too much contrafted j and alfo that, by being placed acrofs 
the direftion of the ftream, tliey have contributed to hinder the free paflage of the tide 
of flood, which would of confequence not fill the upper part of the river to fo great a 
perpendicular height, as has been already mentioned. However, as thofe jettys have in 
fome meafure anfwered one good purpofe, viz. that of preventing the river from falling 
into a deeper loop in that place, and as it might be of dangerous confequence to diflurb the 
body of flcech there gathered, by totally rooting up thofe jettys, I am of opinion, that 
fuch of the jettys as run acrofs, or intercept the current, flionld be levelled with the 
prefent furface of the fleech, which may.be done cither by driving down or fawing off the 
flakes. As to th^ jettys that have been fonned on the Netherwood fide, a^s they don’t 
feem to have contributed to fave the land, or to have anfwered any one purpofe whatfo- 
ever, nor do they feem to produce any other efFcdt than diat of contrafting the river in 
this, die otherwife narroweft part, and that of intercepting the current on tide of flood, 
both which, confidering the large wide bay jufl above, and the various meandrings ftill 
higher, together with the fmallnefs of the time that the tide of flood afts at this place, 1. 
am of opinion, that thofe jettys arc very prejudicial to the navigation, and therefore think, 
that all of them, whether of wood or flone, Ihould be pulled up, or otherwife levelled 
with the prefent bed of the river on which they ftand. As to the jettys and works which 
have been raifed upon the Merfe grounds of Laghall, fuch' as are contiguous to thofe of 
Cargtn fhould be ferved in the fame manner as. has* been mentioned concerning thofe 
of Cargin •, but as to the refl, they arc either fo inconfiderable, or fo placed, as to pro- 
duce no fenfible effedt on the navigation. Wirfi refpedt to future works for preferving or 
gaining of land, provided they arc fo contrived as to^lhorten the courfe of the current, 
leaving the channel of the river of fuch a width, as to be wider than the medium widtli 
of half a mile above, and narrower than the medium width for half a mile below j at 
the fame time carrying the weir fence, or advanced work, parallel to the natural direftion 
of the current, reducing it, as near as may be, to a right line or fair curve, without fudden 
elbows and irregularities ; laying alfo the banks or interior works fmocth, and Hoping, fo 
as not to catch hold of and entangle the current of the tide of flood ; I am of opinion, 
that all fuCh works ought to be encouraged, as being advantageous to the navigation of 
the river. 

. Juftbor^e, aSthNov, 1766. 


, J. Sme.ston. 
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QUESTIONS offered by Robert Maxwell of 'Margin to the confidcra- 

f tion of Mr. Smeaton. 


'T' H E Merfc grounds of Cargin belonging to Mr, Maxwell, are fituated on the weft 
fide of the river Nith, oppofitc to the Merfe belonging to Mr. Johnstok, of 
Netkerwood, on the eaft fide of the river. 

Tlie Merfe of Cargin for many years had been greatly injured by the river, until 
Mr. Maxwell raifed weirs, or fmall creals, for defending his property from future 
encroachment. Mr. Johnston, late of Netberzvood, made works of the fame nature on 
his fide, which extend a confiderable way higher up the river than Mr. Maxwell’s, and 
oppofite to works of the like conftrudtion erected on the other fide by Mr. Corrie, 
nn hcretor adjoining to Cargin, on the north or upp<jr fide. 

While thefc works were carrying on, the Town Council (as guardians of the navi- 
gation of the river) interpofed their authority, and, on a vifitation thereof, appointed 
certain p^irts of the works, on both fides, to be removed, as being prejudicial to the 
public navigation. This order having been intimated to the whole heritors concerned, 
they agreed to comply therewith, and became bound in writing to remove the works 
pointed out as being fo injurious. Accordingly Messrs. Maxwell and Corrib did 
remove fuch parts of their works as were ordered, and fixed polls or pearches on what 
remained, for the diredlion of mariners. The other hcretor, Mr. Johnston, did not 
remove a flick or ftone of his j on the contrary, his heir and fucccflbr is now inlifting 
to have the whole of Mr. . Maxwell’s works removed, as being hurtful to his, 
Mr. Johnston’s, property, and to the public navigation. 

It is therefore defired that Mr. Smeaton will view the works on both (ides, and, upon 
confidering the lituation and extent of them, to give his anlwer to the following 
queftions. 

ill. How far were thefc works neceflary for preferving the Merle of Cargin i and how 
can they be further fecured, vnthout injuring the navigation of the river, or the private 
property of others ? — In confidering^this queftion it is to be obferved, that by the fituation 
of the oppofite grounds of Nelberwood, and the higher works thereon, which extend far into 
the channel, the force of the land flood and ebb tide, as well as the current of the flowing 
tide, is thrown with much violence on the boibm of C(nrgin Merle, which has no thing but 

thefc 
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tliefc works to repel the force of it; fo that Mr. Smeatom will pleafe to confider what 
would have been the natural confequence had fuch work not been made. 

• 

Queftion 2.— “How far are the works on Cargin fide prejudicial to public navigation ? 
And pleafe alfo confider whether works of this kind, raifed in defence of private property, 
are illegal and unprecedented j and whether they tend to hurt public navigation, and in- 
jure the private property of an oppofite heretor. 


QUESTIONS offered by Robert Maxwell, of Cargirtt anent his work on 
the fide of the river Nith, to the confideration of Mr. J. Smeaton. 

T T is defired that Mr. Smeaton, in vifiting the river, will view and confider the courle 
of the river, the floods and tide, and the fituation of the grounds and works con- 
ftrufted thereon, upon the Merfes of Cargin and Netberwood^ and give his anfwers to 
the following queftibns. • 

\ 

ift. Whether from the courfe of the river, and the fituation of the oppofite ground, 
the Merfe of CargjM is expofed to the force of the land flood and ebb tide, and alfo to the 
current of the flowing tide j and if works were not therefore ncceflary, for defending Cargin 

Merfe from the future encroachments of the river ? 

•• 

ad. Whether the work already ere£ked on Cargin Merle can hurt or prejudice the 
oppofite Merfe of Netherwooi i and whether thefe works can be deemed illegal and 
unprecedented, as being injurious to the oppofite grounds ? 

3d. How can thefe works be fecured or improved, in the eafiefl and moft effe£hial 
manner, for preferving Cargin Merle, without injuring public navigation, or the private 
property of neighbouring heretors ? 

Robert Maxwell. 


ANSWER 
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ANSWERS to tlieQucftions offered by Robert Maxwell oi Cargin^ ancnt 
his Works oa the fide of the River Nith, by John Smeaton. 

Anfwer to Queftion ift. 

jT^ ARGIN Merfe laying in the bottom^ or moft concave part, of a confiderable loop of 
the River Nithy is by its fituation expofed to the principal action of the flood and 
ebb rides, and alfo to that of the land floods } and the natural foil being of a very loofe 
nature, artificial works were abfolutely ncceflary, for the defence thereof from future 
encroachments of the river, as without this, the natural effedl of the currents would be, 
to make this loop of the river ftill deeper, by carrying away the foil of Cargin Merfe. 

Anfwcr to the ad queftion. — ^As Cargin Merfe, notwithftanding what has been done, 
is ftill on the concave fide of a deep loop of the river, the principal force of the current is 
ftill exerted on that fide and as the oppofite grounds lay upon the convex fide, they can> 
not be fenfibly affeded thereby j and thofe abote, or below this concavity, are at too great 
adiftance.to be thereby affefted. Works for this purpofe are frequently made, and if not 
advanced further than what has been known to have been firm ground in the memory of 
man, I apprehend cannot be^deemed illegal} but this part of the queftion more properly 
belongs to the laws. 

Anfwer to the 3d. queftion. — By making the weirs parallel to the direftion of the 
current, fo as to make, as much as polfible, a right line or fair curve, and floping the 
banks, covering the fiime with falcines and gravel, except on fiich places as they can be 
grafled over. 

Aujlborpe, 28th November, 1760. J. Smxatok. 


To 
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On the watcr-wcrks at Halifax, 


S I R, 


To Mr. SIMPSON. 


T NCLOSED you have a ikctch of the method which I would propofc for laying of the 
pipes of the intended Water-works at Haltfax, and an eilimate referring thereto, 
which I hope will be near rfie matter, having fpent fome time in the confideration and 
forming thereof; however, I would not wholly rely upon my own judgment, but defire 
that thofe papers may be overlooked and confidercd by my ingenious friend Joseph 
Knight, whole natural fagacity and acquirements in thefe kinds of affairs will, I am per- 
foaded, lead him to difoover and point out fuch overfights and miftakes as 1 may have 
been guilty of, notwithftanding the care I have taken ; and I muft take this opportunity 
of defiring, that, though the Gentlemftn have thought prt^er to confolt me on this occa- 
fion, I may not be confidered as any bar ft> liis merit, but rather as jointly concerned. 

• • 

It may not be amifs, however, to point out the general principle upon which I have cop- 
dufted myfelf; and, in the firft place, as the town lays very unequal in point of levtfll, and* 
of conlequence, a very great perpendicular prefilure will lay upon the pipes, efpecially to<» 
wards the lower parts, I have endeavoured to avoid the additional expence, that naturally 
would arife from proportional encreafe of thicknefs, by taking advantage of fuch ctreum- 
ftances in the Situation, as have a tendency to relieve the difadvantages tliereof ; and, with 
this view, I have afiigned the bores of the pipes in general confiderably lefs than 1 Ihould 
have done, in cafe the town had been nnore upon a level, becaule the declivity has a 
tendency to force the water through die pipes with greater velocity, and make them give 
as much water through a given orifice, as would betdone by a larger pipe more upon a 
level, and with a lefler prefTure upon it. 


adly. Confidering diat the ilq^Iy will come from abov; the head of the town, and that 
the pipe of condu£k, at its firft entranee into the toWn, muft carry all the water neceffary 
for the fopjdy of die whole, biit that in going lower down it has only thewater to convey 
for fuch parts as lay ftill lower ; of confoquei^, the ncccilary bore of the pipe of.condu^ 
will grow left and left the further and fewer it goes ; but as it is a certain principle in 
hydraulics, that pipes become ftranger in proportion as thek diameters are lefs, when 
the diicknefr of the flieU of the metal is the lame, it follows, chat if their bones are dimi* 
nifhed in proportion as their petpendicular prefiuce is increafod, the fmaller pipe will be 
aa tfok to fuftun its weight of water as the larger will be to fuftain the prelTure peculiar 
• . theretas 
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thereto : for thefe reafons, inftead of adding to the weight of metal as we go lower down« 
1 have propofed the fame thicknefs for the main all the way, and by diminifiiing the 
diameter, and confequenfly the weight, have added the neceflary ftrength ; by which 
advantage a great weight of metal will be faved, without injury to die main defign. As 
to the branches, I have proportioned their thicknefs to the thicknefs of that part of the 
main which is upon the fame level, regard being had to the difference of their bores j by 
thefe means every part of the fyftem of pipes will be equally ftrong, with relpcft to the 
llrefs that will come upon it. I don't mean, however, that every part is adjulted with a 
mathematical exaftnefs ; for as I have allowed every part to be confiderably ftronger 
than what may be barely called fufficient, that would be not only unneceffary, but by 
making 'every yard of pipe of different bore and thicknefs, would be more unreafonably 
troublefome in the execution. That that part of the main which lays between the re- 
fervoir at the GiUet, and the back ftreet, 1 have fuppofed of the fame bore and diick- 
nefs all the way, for the cafe of calculation j but, in reality, 1 propofe it to be confi* 
derably widt^; towards the refervolr, yet, as the pTeffure diminifhes that way, it can be 
done with the fame metal as die calculador I'fuppofes. t 

•• « . 

3dly. Ginlidering, llkewife, the inequality of the ground in another view, in cafe 
there Ihould be, at any timq, any defedl in point of quantity furnilhed to the refervoir 
for the fupply of the whole town, it is evident that the lower parts of the town would 
be Brft fopplied, becaufe the water will naturally run down hill, and accumulate in the 
lowed parts firfl, by which means the lower parts would be well fupplied, when the 
uj^r parts were.partially, or fcarce at all fupplied : and even when the refervoir would 
fumifh as much. water as the pipes could take, as the water would iffuewith much 
greater velocity from the lower cocks than from the higher} Ihould many of the lower 
cocks be open together, this would dill abate the ilTulng of the water dom the higher, 
and d|)ecaUy thofe at a didance from the mail), lb that while the lower cocks were 
kept running in this manner, the upper ones would be but faindy lupplied ; for remedy- 
ing of which defedb, as well as others that would accrue froiQ the fenlible effeOs of 
the ledtage and wade of all the cocks in the town at once, I' propofe to' part the town 
into two divilions, the upper ind.the lower, to receive the water akcdiately : the upper 
divifion to oonfidof all the dreets above the Hall end, and rhe lower dividon of all below, 
which witt be done by placing a flx^-cock upon the main at 0, and three others at the 
three principal branches at 0 Ar 0 B, and 0 C } by which means, the -k cock being (but, 
and A, and C tqien, the upper divifion will be ferved alone : on the contrary, the 
etwks ABC being Ihv^ and die code open, the lower divifion will be fitrved, and no 
jNBt<4|f the tippitw And here h mud be remarked, that J pitqxdc-the two dreets,. 

• called 
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called the bottom of Gibltt-Ume and the Swine-marketf to be ferred out of the branches 
p r, p m, and not from the main A B, BC} for otherwife, thofe two llreets, with the. 
upper branches dependant thereon, would be perpetually fu{)plicd, whereas the fupply 
of every other part of the town would be intermitted, and confcquently the diftribu- 
tion unequal. 

The equality propofed hereby might, perhaps, be ftill greater, in cafe the town was 
divided into more divifions than two ’j but as the feheme would be embarraflTed with a 
greater number of branches and ftop-cocks, I was unwilling to deftroy its fimplicity for 
trifling advantages. Perhaps the divifion that I have propofed may not confift of an 
equal value of water-rents j but as this may be acljufted by proportioning the time that 
each divifion (hall receive the water, I would mther propofe this method of preferving 
the equality, than by taking any other point of divifion, which, as the town is lhaped, 

I think would not be fo convenient. 

• 

4thly. Refpeding the method of. conveyance of the water from the fpring to the re- 
fervoir; though I am /till of opinion it may effedually be done in a gutter, lined with 
clay and gravel j ytt, confidering that this gutter muft be covered, and well fecured from 
evaporation and diverfion, I have, upon fecohd thoughts, (at Icaft for the fake <Jf com- 
ing to an ellimate) fuppofed this conveyance to be in wooden pipes of four inches 
bore, which tliere is no doubt will anfwer, and not give the water any ill tgfte, as the; 
defcenc from Broadby Laitb to the inbbet is great enough to give the water a rapid 
current, confequently its time of continuance in the pipes will probably not exceed half 
an hour. 

5thly. I have only further to oblerve, that I have not included the purchafe in my 
eftimatc, which, added to the amount thereof, will make a fum much beyond what 
feemed to be imagined when I was at Halifax ; and, on this acCount, I have been the 
more minute, and have inclofed a copy of the jimount of each particular part of the 
lead-work, that in cafe I have inferted or omitted any ftrect which ought to have been 
otherwife, a proper correftion «"’>y Nr <i tbe whole may be fubmitted 

to examination, from whence I flatter myfelf it will appear that the matter is not exag- 
gerated. And I am, with the utmoft rcfpe<a to the gentlemen promoters of this feheme, 

SIR, 

Your moft humble fervant, 

J. Smeaton. 


r. 


P.S. Pleafe 
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ip. S. Pleafc to tell my friend^ Mr. STi^N8.Fiiii,D, th^ttHe in^raysej^nts, I fwppofcd, 
mi^ht 'be made In ^lUn^ '«s wc)l as, other mills, lyhen this mttfter came iif queftion on 
the Colder t is no longer a {natter of theory | apd, contrary to the determination of Mr. 
Banks, that a fulling-mill is a machine fo JtntpUj that it is npt capable of any farther im- 
frwementt '% fulling-mill that has been erefted from one of my plans, in dry times, goes 
with leis than a quarter of the ufual quantity ; and in frefhes goes with 3 feet 8 inches tail 
water i diou^ the greateft dj&rence betjsreen head apd tail water, when the laft is moft 
^own, in dry icafons, never exceeds 4 feet 6 inches. 


ESTIMATE for the Water-works at Halifax. 

jC* 

To ea^nces in walling and fccuring the fpring head* - - - - *9000 

To piping from Broadly Latth-^tng to the GMet, being two miles» tc^ he wopd pipe four 
inches bore, laying and compleaunga at 5 per yard, .... ggo o o 
To erecting a water-houfe and refervoir near the GiUtt, • « . . • 200 o , o 

To 653 cwt. of lead piping in the main, leading from the *fefervoir to Smitly Staiot folder- 
Work,' laying, and making good the ifaeets, at 1 /• 4/. per cwt. « . • 783 1 2 o 

To 931 cwt. in the branches at ditto, - - - • « • -1117 40 

To four large brafs ftop-cocks and a valvci at 4/. each^ - • • - ap o o 

3030 16 o 

To unfisiefeen oxpences, at to per cent. - • « « • • jog o o 

■■ ■■■■J 

3333 *6 o 

leOfub/tt 14th Fdiniary, 1761. 



Place* 



C « 3 


Place. 

Bore. 

Thick. 

nefs. 

« 4 

Length. 

• A 

3 i 

1 

Cli. L. 
12 10 

AB 

3 i 

S 

2 80 

BC 

3 i 

i 

5 65 

CD 

3 

i 

5 30 

i>E 


1 

3 *3 

E F 

2i 

4 

3 *8 

FG 


1: 

3 10 

GH 

2 

i 

3 68 



. K ' 

39 *4 


Bhutches. 


Aa 

2j 

1 

4 81 

a b' 

2i 

tV 

. * 52 

Bb 

2l 

•15 

6 00 

A 

Cb 

2^ 

4 

7 23 

bcdb 

2 • 

1 

4. 

13 oo 

e f 

'i 

4 

* 92 

gbi 


tV 

8 62 

kl 

2 


2 76 

1 m 

*J 

tV 

5 00 

n 0 

*1: 

1 

* 85 

pq 

»i 

i 

4 00 

I s 

** 

4 

*. 75 

P* 

2i 

■k 

2 90 

r HI 


f 

6 00 

t V 

2J 

4 

3 20 

V w 

2 

iV 

8 00 

V X 

*J 

tV 

4 »o 

V E 


A 

5 *» 

Dy 


A 

3 00 

y a 

2 

4 

5 30 

RV 

*i 

A 

1 50 

ST 

»i 

A 

2 60 

SNOG 

•i 

4 

9 20 

V 


A 

2 40 

HM 

»* 

4 

3 60 

HI 


A 

2 17 

IKKL 

*4 

A 

7 00 

r 

' < 



126 53 

• 
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Weight. 


Its. * 
*5-S5J 
5«9>4 
11,^24 
91864 

5»433 

5.123 

4,604 

5,00s 


73.12* = 


14 . B. The Mark * is fup>. 
pofed 10 be placed at thft 
Gtbbtt, 


^rs. lbs, 
652 3 14 


3.714 

2,223 

5.292 

7.852 

7.937 

1,042 

6,141 

2,201 

3.562 

*.354 

2,171 

«3> 

2.558 

6,516 

3^475 

.6.378 

2,921 

3,200 

3.870 

5.215 

94* 

1,632 

8,115 

1,506 ' 

а, 8oB 

2,282 

б, 528 

•***“*^"* C. ^rs. lbs* 

104,265 = 930 3 21 


*77.387 *583 3 7 
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PROPOSALS for building an engine for raifing water 1 1 feet from the 
well or refcrvoir^ into the piece 'of water in the gardens of Her Royal 
Highncfs the Dowager Princess of Wales, at Kew^ to be 
worked by one large or two light horfes. 

T HE following things are fuppofed to be done at the expence of Her Royal High- 
nefs : The drain or gutter, leading from the engine to the Chineje houfe to be 
lowered four feet ; the ground to be cleared and levelled for the engine to ftahd upon j the 
earth to be wharfed up with brick-work ; the well cleaned, and the brick-work repaired, 
where neceflary j and, in cafe it is thought expedient to underpin the groundfill of the 
ihadc with brick, the materials to be led from the river to the place, and the labourers 
to affift in lifting and digging what may be required during the fetting up.' — The engine 
to work with an Jrchimedes ferew, a feet , 8 inches diameter, and 24 feet long j the 
lhade for the horfes to be 30 feet from out to out, and the mean diameter of the horfe 
track 24 feet. 

This engine to raife 1 200 hogftieads in four hours, with one large horfe or two light 
ones, fuch as have heretofore been ufed. 

A fmall pump, to be worked occafionally by the engine, for raifing water from the 
gutter to the ciftern, in the kitchen garden. 

The whole of the machinery and frame-work thereof, with the ftiade for the horfes 
walk, and a cover from the ferew, widi a ciftern and fluice at the foot thereof, to be com- 
pleted in the molt fubftantial and workman-like manner, for the fum of one hundred and 
fifty pound& 


The 
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The REPORT of John Smeaton, Engineer, concerning the prad\ica- 
bility, &c. of a navigable canal from Wilden ferry, in the county 
of Derby, to King’s Bromley common, near Litcbjield\ an ! from 
thence in feveral branches, the firft leading to Longbridge, near 
Burjkm, the fecond to Newcajile under Line, the third to the city of 
Litcbjield j and the fourth to the river Tame, at or near FazeLy bridge, 
near Tamnvortb, all in the county of Stafford, as projefted by 
Mr. James Brindley, Engineer. 

TTAVING, in company with Mr. Brindley and Mr. Henshall, land fur- 
* A veyor, in the month of November, 1760, carefully viewed and confidered the trafts 
of ground through which the canal abovementioned and its branches are propofed to 
pafs, and compared the fame with the plans and levels produced by MefTrs. Brindley 
and Henshall ; and alfij viewed the coorfe of the rivers, {Trent and Tame) as well as 
the feveral brooks, ftreams, watcr-courfes, and whatever elfe feemed principally to relate 
to the abovementioned projeft, it appears to me as follows : 

I ft. That the waters that are or may be collefted into the brooks, at the head of the 
propofed canal and its feveral branches, are relpeftively fufRcient to fupply the fame with 
water; and that the canal and its branches, as projefked by Mr. Brindley, are pradi- 
cable, and may be executed at the feveral expences contained in an eftimate bearing the 
fame date as this report. 

2d. That as the river Trent appears to have few pools naturally navigable, in pro* 
portion to its extent, and thofe of no great length, but *on the contrary abounds with 
Ihoals, is in many places very winding, in general runs in a fallow channel, and is 
fubjed to continued floods ; in confequence a new canal will anfwer the purpofes of a 
navigation, in the prefent cafe preferable to carrying the fame more generally through 
the modier river, and which, for a great part of the trad in queftion, is impradicable at 
any tolerable ^xpeRce. 

• 

3d. That, in particular, the prefent navigable part of the Trent, between Wilden ferry 
and Burton, is fo much obftruded by fhoals and fcours, that the purpofes thereof would 
be much more effedually anfwered by the canal projeded by Mr. Brindley. 


4th, That 
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4th. That the traAs of ground through which the canal abovementioned and its 
branches arepropofed by Mr. Brindley topafs, are well chofen, and for the greatefl; 
part well adapted by nature for fuch a purpofe> and as little injurious to private property 
■s the nature of fuch a work will admit of ; Mr. Brindley having judicioully defigned 
the couiie thereof to pafs through a great number of IcycI commons and wafte grounds, 
and, in general, through the moft barren lands that could be found in any wi& to agree 
with die couife thereof. 

5th. Tliat a brancli from the canal to Longhridge may be conduced upon a dead 
level from near the town of Steke to the town of Newca^Uy as laid down in the plan. 

6th. 'I'liat a canal from King's Broml^ common may be condudled up the valley of 
Litchfield Brooksy to the city of Liiehfieldy but at a very moderate charge, to the tail of 
Siovj pool. 

#• 

7th. That a canal being conduced upon a, level from fome proper point of the main 
cantU, at or near King's Bromley common, die fame will meet the valley of the Tamey, 
at or near Fazeley bridge ; and by inverted locks a communication may be formed, and 
the navigation may be carried by that river to the borough of 'Tamworthy the waters 
being pounded up thither by the mills at Tamwortb, 

8th. That the branch of the canal, propofod to be carried to Lon^mdgty is capable of 
being extended, fo as to join the luvigable river that foils into the weft foa ; for it is but 
a little above two miles foom LonghridgCy to a meadow which lies between two hills near 
liarecafiUy in which meadow the waters that run into the weft fea divide from thoiie that 
make their way into the eaft, and which therefore may be c^ed the poiitt of partition. 
The grounds between Longbridge, a^d this point He with » gentle declivity, and, ae^* 
cording to. a.level takenby Mr. Hensh a>ll> this point of partition is elevated above that 
of Lfinghridge a . little more dian 90 feet i but . as- one third part of this afoent lies within, 
a quarter of a mile of the fummit, and as the ground there appears to be fuitaUe, 
arconliderable part of.thia afoent may be avoided, by a deep cut through the fummit^ 
which will be of a moderate length, as the ground feems of the fome quality, and to foH 
away much in the fome manner on the weft fide as on the eaft ; and as, according to the 
rqmrtf^ thofo who know the grounds, pacticiilarly the meadows on the weft fide, ite 
nowhere interrupted =1^ roek8,'*Dr other remarkable obftruftions, a canal- is by code- 
quence as praftkabk from die point of partition weftward, as it is fiom the fame point 
eaftward ; and the (fiftance it fiot hear fo great to the navigable rivers on the weft, aa 

on 
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tm tjhe <;a|!t. Ijti ^y, semaina that probable raeans be fhown of applying' thU adtKdooal 
cai^i at the poinf of pandcion with wattenj. for if this, is done, tile lower ptirts Will' be^ 
fpppljed of QOjurfe : hi refpsft wheneof irmuftbe obferved, that the point of partitiOh' 
lies greadyupdertbe'leirel of die ac^acent hills, and confequently the fprings iiTtiing fibtn 
fuchj)ilb,imy be conduced thither, and. ail the water upon the more elevated ground's 
may be intercepted for feveral miles round, in order to> fupply a refervoir in a proper 
jdace, above the level of the point of partition. Thefe fprings will be further aiTided by 
water iiTuing from^thc coalrpit drains that now are, and hmafter will probably be multi- 
plied, as the grounds hereabouts abound with coal, the greateft part of which is at prefent 
ungot i but fliould all thefe relburces, in a dry fcalbn, prove too little, the navigation 
may be fupplied with water by the help of a fire engine, to return the waters from 
a, lower levels where the collefbion of fprings may at all times be fufflcienti fo that the 
water may be uf«l as many times over as may be needful. 

9 th. That from the beft infi>rmatioi\ it appears, that the prefent navigadon between 
Pf^ldm £erry-9nd.GaiM^ougk is much obtbnidled by Iboals and'fcours, infomuch that in 
feveral fdaces, ia ds. common flate of' the river in dry fealons^ there is not above 
8 .inches .dapth-.of watery andthat at fuch times, without the aid of flalhes from Kings 
mills upon the Trent ^ and die lowefl: mills upon theDerwenti the navigation would 
then be impradicable. 

ioch« That, for thele.realbns, thepui|K^ of‘the canals before* mentioned will not be 
fully and complcady anfirercd,! srithout an amendment of die navigadon between ff^lden 
ferry, and Gaio/breugbt either by an excenfion of 'the main canal ftbm ff^ldeii'fiitry to 
die tide’s wayi or.by fome otlier means that may eflcdhially anlwer the purpdfe ; never- 
th^els,.! aoiof Opiaian,> 

I tth. T|ia&the-puipoleof the canals already mentioned will in good part- be anfweitd, 
even ; ll;ioi|ld .^die-oli^nt^tiops of ithemsvigarion between* WUden ferry and •Gahi/hhu ^ ' 
remain as they are j for, nQtwidiftandiiig.th(^bbftnifHons, .a 4arge quantity H>f 'goods' is ' 
naviga^ up this part of the river with advantage, and if a canal is compleated, on dte 
prelefiti|)lan«i to Wildent it will be ^ better worth while' to conquer th^‘*difi!^hies 
attending this part, in order to get into a clear and complete navigadon, that wdl carry 
goods, without obftruflions, into the heart of the kingdom, according to the printed 
plan i and even acrols the kingdom, if the icheme fliould take place in its full extent ; 
and whenever that is the cafe, it is not to be doubted but means mil be found of 
rendering the navigation between WUden ferry and Cainjlnrougb equally perfoA with the 


1 2 th. In 
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lathi. In order therefore that the boats which at prefcnt navigate upon the Trent 
may navigate freely upon the new canal, I am of opinion with Mr. Brindley, that 
the canals ought to be about 8 yards wide at the water line $ and that the new canal 
may be of a fuitable depth, when the obftruftions below JVtlden are removed, the fame 
ouglit to be 2 feet 6 inches deep of water upon the fording-places, which ought to be 
fhoalcft, and 3 feet or 3 feet 6 inches in other places, to allow for mud, and fulHcient 
freedom for the vcflels j and this depth will be of advantage, notwithftanding the want 
of depth of water below, bccaufe the loading of two veflcls from Geunjbrougb may be 
put into one at JVildent and the loading of two veflels at Wilden brought in one 
from above. 

1 3th. That the lock gates being made water tight, as they are capable of being made, 
no mill can be deprived of any water. Farther, that one lockful to each boat, which 
on exadl: calculation is found to be a very inconliderablc quantity, in proportion to what 
is neceflary to work a mill for 24 hours ; the evaporation from the furface of the canals, 
and leakage through the banks into the back drains, fcarcely deferve mention, with re- 
fpeft to their cfFeft on the mills. As to fifherics, they cannot in any wife be affedted, 
becaufe the waters in the canals being nearly ftagnant, and clofed by the lock gates, 
no Hihxan pafs either way. 

a 

14th. That the publick road being fupplied with fu/Ecient carriage bridges, the water 
courfes with underground paiTages, the communication between commons and private 
properties by a fufEcient number of fording-places, well paved and Hoped, and no 
where above a feet 6 inches deep, and the banks, whenever the water of the canal is 
even with or above the natural Ibil, to be flirnilhed with fufficient back drains, to con- 
vey any leakage of the water that may happen, to its proper and natural place of dif- 
charge; I fay, things being tlius provided for, public and private roads, all neceflary 
communications between grounds aiid water courfes will not only be preferved, and the 
grounds themielves freed from damage, but, on the other hand, many lands will be 
greatly benefited, by having plenty of good water for cattle, &c. 

Mftbi/rpef 1761. . J. Smeaton. 


Generid ' 
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General ESTIMATE for making the canals and woiks for complcating the na- 
vigation and branches referred to, in Mr. Smuaton's report, upon principles 
of eftimation fettled between Meflrs. Sme atom and Brin dley. 


I ft. To making ths main canal from Wilden Ferry to King^sBromLy Common, being in length /. 

25 miles, tht perpendicular afeent 11 ofeet, with 19 locks thereon, . , • 

ad. To making the great weftern branch, from King's BromUj Common to Lcnghridgc, be- 
tween Burjlm and Neivcaftle umhr Line, being in length 30* miL*s, perpendicular afeent 
1 66 J feet, with 28 locks thereon, ------ - 

3d. To the fmall branch out of the laft, proceeding from Stoke to Kenvc/ifile, being in length 

3 J miles, upon a dead level, wilJiout a lock, - - - - - 3, 3:^6 

41b. To making the branch, from King's Dnsnley Common to the tail of Sfozv^col 

near L.7r^/e’/</, being in length 2\ miles, perncndicuLir afceiit about iS ket, with 3 lotki * 
thereon, - - - - - - - - . - )- 

5th. lo compleaiing the above into Litchficli mill pool, being about half a mile, and jXT- 
penJiciilar afeent about 30 feet, with 5 locics«tJiercon, - - . - 3,029 

6ih. To making the Zi/wie:///; branch, from King s to Fu^cleyBt 'J^i' weCiX 

'Tmnivorthj being in length 10 miles, upon a dead level, without a lock, - - - 9»43i 

7th. To compleating the above by acrofa canal into the river Tame, being in length half a * 
mile, perpendicular defeent 16 feet 10 inches, with 3 locks thoieiipon, - . - 1,9.-)- 


/. //• 
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AuJihorfCy 1 1 th J uly, 1761. 


J. Smeaton- 
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THE RIVER WEAR. 

The REPORT of J. Smeaton, concerning the fituation of the firfl: lock 

upon the river Wear. 

TT AVING, in obedience to the order of the Commiffioners, at their laft meeting on 
the ad day of May, 1761, re-examined, as well the fityation ftaked out by me in 
November laft, as the fituation lately propofed by the Gentlemen Coal Viewers, who 
viewed and marked out the fame 176 yards higher up the river than the former j and 
having carefully examined the river in both placed, and alfo at intermediate diftances, I 
am humbly of opinion as follows : 

I ft. That the ereftion of a lock at the place marked out by me in November laft, can- 
not have the leaft tendency to prqudice the coal works underneath •, for though the 
workings underneath are ever fo irregular, and though a thruft Ihould have been brought 
on 1 pillars 30 yards to the north of the lock, yet while thofe pillars are capable of 
fupporting the river Wear, they are capable of fupporting the lock. Nor will the 
placing of a lock there in any wife tend to weaken the body of folid matter inter- 
pofed between the bottom of the river and the bed of coal ; for the fill has been found in 
the bottom of the ftaples at 21 feet from the furface of the ground, and it may be ne- 
ceffary to fink the foundation of the lock 24 feet below the fame furface j yet as the 
ftaples are funk 18 feet, or thereabouts, more northward than the utmoft limits of the 
lock wall ; and fince it appears that at the verge of the water, and within the river, the fill 
lays as low, and in many places much lower than the intended foundation, there does 
not appear to be any occafion to fink into the fill at all ; and yet in cafe there ihould be 
occafion to cut half a foot, or even one foot on the north fide, into the fill, by way of 
bringing the fame to a level, (the fill appearing from the ftaples to rife with the hill 
towards the north) yet as this will be replaced with matter much more compaft and im- 
penetrable to water than the fill itfelf, it is not eafy to conceive that this can in the leaft 
prejudice the refiftance of a body of matter I2 or 15 fathom in thicknefs, being fo much 
down to the workings of the 5 quarter coal. 

2dly. That it is praflicable to build a lock at the place iparked out by the Gentlemen 
Coal Viewers, 176 yards higher up the river than the former j but that fuch fituations 
will be attended with the following additional difadvantages. 


ift. It 
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ill:. It appears, that the fill laying at the lafi; mentioned place, at a medium, ij- feet 
lower than the foundation of the lock, the carrying the foundation one foot and a half 
lower than nccelTary, will not only be attended with a confiderable charge, but being a 
quickfand down to that depth, the drainage of the water, and fecuring the fides of tlie 
lock-pit till the bottom is finifhed, v'ill be much more difficult and expenfive alfo. And 
laftly, as there will be a neceffity of making a channel for the paflage of the veflels on 
the north fide, into the iock, from the tail of the lock, as propofed in its former fitua- 
tion, it will therefore be- neceffary to dredge the whole diftance of 176 yards i and not 
only that, but to fecure the fide of the channel next the river with a proper fence, to 
prevent its being filled with the filt of the river upon the firft flood j and as this is a work 
capable of efiimation, I have hereto annexed an Eftimate thereof. 

Durham^ ad June, 1761. J. Smeaton. 


ESTIMATE for the probable cxpence of clearing the channel of the river Wear 
176 yards, being the diftance of the fituation of the firft lock, as propofed by the 
Gentlemen Coal Viewers, above the fituation as ftaked out in November 1760, 
by John Smeaton. 


To 176 yards of water-tight wearing, at 4/. loj. per yard, 

To fixing a temporary crofs dam, at the tail of the Weary and taking the fame away, 

To drainage of the water while the filt is getting out, fuppofing 30 days, at 6x. 8^/. /rrday. 
To getting out 1 760 cube yards of matter, at • - - 


C' r. d. 

792 o o 

1000 
10 o o 

44 o o 


856 o o 

To unforefeen accidents at 10 per Cent. 85 120 


94 *" i 2 o 


N. B. The 176 yards of water-tight dam is intended to be executed with oak, in a 
durable manner, fo as to remain a fence againft the filt of the river. 


D 12 


General 



i ] 


General ESTIMATE for compleating the firft lock and dam, at or near Jackson’s, 

near Harratotiy upon the River fFear. 

£^m /. dm 

To clearing B'tddkk Ford^ and two other flioals between that and Mr. Lamhiotds engine drain, 500 o o 
wearing and dredging 176 yards from the bottom of the caunch below £» /. dm 

JackfoH^s Ferdt up to the tail of the lock, as per former eftimate, — 941 12 o 

To probable expence in the foundation of the lock at Jackjords Ford, fupe- 

rior to that in its Aril intended fituation, - * - - •• 2;8 80 

' ■ 1200 


To expence of building the lock in its Aril Atuation, .... 
To ditto of the dam adjoining, - 

*Yo cutting the ground drain of the water and temporary dam to both, at 


lean. 


900 

600 


o o 
0 o 


500 0 o 


2000 


Expence of the navigation from Briddick Ford to new bridge. 


3700 


N. B. ift. The expence of the machines, fhops, utenlils, &c. together with the ne- 
ceflary materials for beginning the work, will be at leaft loool. and if the work goes on 
no further than the firft lock, there will be at leaft 500/. loft by the articles juft men- 
tioned, which otherwife would Icrve for the whole. 


THE RIVER CALDER. 

Comparative ESTIMATE for carrying on the navigation of the river Calder, by 
means of a long cut from the figure of 3 lock at F, to above Dewjbury low ford 
at H, and of carrying it partly by the river and partly by 3 Ihort cuts as in the 
general plan. 


ESTIMATE for a mile of cut. 

To 14 acres of land at 50/. per acre, « ..... 

To cutting, at a medium, 6 feet deep, 16 feet wide at bottom, and 36 at top, at 3 d, per yard 
cubic, - 

To fodding and" batting down the banks, and fowing them with hay*feeds, at a /• per rood, 
I'o extra work in forming 8 pai&ng places, at 5 /. each, • . . • . 

To 14 quarters of hay-feeda, at 7 i. per quarter, 

Expence of land, catting, ko,, per mile, 


1- 

/• 

dm 

700 

0 

0 

381 

7 

0 

4 > 

16 

0 

40 

0 

0 

4 

18 

0 

1168 

1 

0 


FSTTMATF. 
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ESTIMATE for the navigation by the long cut. 


To 2^ miles at 1168/. 1 per milct land and cuttings - - . • . 

To extra work in digging two lock-pits, at 30/. each, . • . • . 

To 3 carriage bridges of wood, at 60 /• each, • - - . . . 

To 3 tunnels for draining, at 10/. each, - - . . . . 

To 1 lock building, at 600/. and 1 ditto at 400/. ...... 

To 1 low dam at the head of the cut, - - . .... 

To extra work in banking near Millbank ^uarty, and cutting through a rifing ground near 
the fVarren Uoufe^ - - - 


To contingencies on the above articles at 10 per Cent. 


Total 




d. 

2628 

2 

0 

60 

0 

* 0 

180 

0 

0 

30 

0 

0 

1000 

0 

0 

300 

0 

0 

I JO 

0 

0 

4348 

2 

0 

43+ 

16 

0 

478a 

18 

0 


ESTIMATE for the navigation as by the genera] plan. 

To I of a mile of cut, at 1168 /. per mile, 

To extra work in digging 3 lock-pits, at 40/. each, » . . . • 

To 3 tail-bridges for the locks, at 20 /. each, - - . 

To I tunnel for drainage, at 10/. - - . . . . . 

To 2 locks building at 600/. and I at 400/. ...... 

To I dam at 500/. and 1 ditto, at 300/. ...... 

To extra expences in crofling the Colder^ 

To extra expence in removing the new mill doughs, and fetting piles to prevent the boats 
going over the dam, -- ...... 


To contingendes on the above articles, at 20 fer Cent. 


Totel 


1022 

0 


120 

0 

0 

60 

0 

0 

10 

0 

0 

1600 

0 

0 

800 

0 

0 

ICO 

0 

0 

100 

0 

0 

3812 

0 

0 

76Z 

8 

0 


8 

0 


The 



[ 22 ] 


TETNEY HAVEN NAVIGATION. 

The REPORT of John Smeaton, Engineer, concerning the pradi- 
cability, &c. of a fcheme of navigation from Tetney Haven to laoutb, 
in the county of Lincoln^ from the view taken thereof in Auguft, 
1760, as projeded by Mr. John Grundy, Engineer. 

Tj^AVING carefully examined the fcheme of navigation propofed by Mr. John 
Grundy, for making a navigable canal from Tetn^ Haven, to the upper end of 
Avingbam out-fen ; and from thence to join the river Lud, or Louth river, between 
drain and Avingbam mill j and from thence, partly by the courfe of the river, 
but chietly by a new canal, up to new bridge, at or near the town of Louth ; and 
having carefully compared the faid fcheme with the lands through which the aforefaid 
navigation is propofed to pafs, and alfo examined, as well the principal water-courfes, 
eau-moats, and out-falls, as the havens andf communications with the fca and river 
Humber, which relate to the above faid fcheme, 1 am of opinion as follows; 

ill. That Tetney haven is the moll proper out-fall for a navigable canal, as being 
both fafell and deepell, and affording a communication with the inland navigations of 
Torkjhire and the ’Trent, for flat-bottomed barges, without going to fea, which, at fome 
feafons of the year, would be dangerous or impra£licable. 

ad. That the courfe of the intended canal, as laid down in Mr. Grundy’s plan, 
from Mr. Young’s warehoufe, near Tetney haven, to its junftion with the Louth river, 
between Ringer’s drain and Avingbam mill, is the moll eligible pofition, both for the 
purpole of navigation and drainage, as palTing in general through the lowell grounds. 

3d. That the reft of the intended navigable courfe, from the junftion of the canal 
with the river as aforefaid, to New Bridge, near the town of Louth, as marked out in 
the faid plan, is allb very proper, and does not feem likely to be attended with any par- 
ticular prejudice to the owners of the adjacent grounds, more than what is infeparable 
from the nature of the undenakings of tbis kind. 

4th. That , the owners of jhe low grounds, that are liable to be aftedled by the 
Tetn^ river, will, in particular, receive grei^ benefit fit>m this undertaking ; becaufe, 

5th. The 
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5th. The water of river being received into the navigable canal before it 
meets the fea fluice or lock, as the water of this canal is, by the faid propofed fcheme, 
to be kept conftantly lower by 1 foot than low water mark of the 1 ‘etn^ river, under 
Sheep'^ bridge j it follows, that the furfacc of Tetney river will, at its out-fall into this 
canal, be kept at leaft one foot lower than it could be by placing a fea fluice at or near 
Sheep's bridge upon the prefent courfe of the river. 

6th. I am of opinion, that the carrying the navigation up the ’Tetney river further 
than Sheep’s bridge, will no way contribute to the more effeftual drainage of the Tctney 
lands, and will carry the canal conflderably out of its due courfe ; but that a navigation 
for lighters and fmall veflTels may be feparately made up the Tetney river to Tetneyt at a 
fmall expence. 

7th. That the furface of the water of the canal, being kept one foot lower than the 
point of low water at Sheep’s bridge, will be lower than the furface of the water in all 
the drains that it will interfeft j and confequently, that the water of thofe drains being 
turned into the canal, will afford a means* of draining thofe lands more eflFeftually, or 
may occafionally be kept up at their prefent level by fmall fhuttlcs, or flops,* near the 
fide of the canal. 

• 

8th. Where the paflages for waters from Iprings, for watering grounds and other 
purpofes, are interfered by die intended canal, and are defired to be continued in their 
prefent courfe, they may be continued by fubterraneous paflages or tunnels, as has al- 
ready been obferved in Mr. Grundy’s Report. 

9th. That the principal conveyance of fpring water next to tetney river, appears to 
be that of the North Coates Fleety the furface of which lays higher than the furface of the 
intended canal, and therefore will difeharge itfelf into the fame ; confequently, if there 
Ihould be any objeftion from 'Tetney ^ againftfupplying the navigation in dry feafons from 
their river, fuch fupply may be had from North Coates Fleett or other fources, having 
communication with the canal upwards. . 

loth. I am further of opinion, that which ever of thefe ways are thought mofl eligible, 
that the fea lock ought to be provided with ebb-gates, or gates pointed landward, as well 
as feaward, that the water may be retained in the canal to its due height, and to enable 
the veflels to pafs at all times when there is depth of water without the fea-lock j it alfo 
appears to me, that the purpofe of the lock will be as elTeflually anfwered, by taking 
in one veflfel at a time, as by taking in two. 


iith. That 
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1 ith. That in cafe the fcveral parifhes concerned could be agreeable, that the redun- 
dlnce of one parilh Ihould contribute to the defers of another, this canal would be the 
bell means of performing it; for a part of the water of North Coates Fleet, or Tetney 
river, being admitted into the canal, all thofe grounds contiguous, or which might be 
brought to communicate with the canal, quite up to Avingham out-fen, might, by proper 
drains, be fupplied with fpring water. ' 

lath. That according to the modern pradlice of building locks, they are capable of 
being made and preferved water-tight, wherever this circumftance is necelTary. 

13th. That according to this fcheme, no water- will be turned away from I(jnger'% 
drain, and the eau-moats, except what is neceflary to fill a part of the Hrll lock upon 
the canal near the upper end of Avingham out- fen. 

I4tli. That on the 7 th day of Auguft, 1760, after the drieft feafon that has been known 
in the memory of man, I carefully examined the difeharge of water by the Louth river in 
04 hours, at ^horold'% mill, being the firft below the new bridge at l^uth, and com- 
pared the* fame with the difeharge at Avingham mill, and found the quantity fuch as to 
fill the faid firft lock, near the upper end of Avingham out-fen, to the height required 
for the paflage of a barge 200 times in 24 hours. So that, even in the drieft fcafons, the 
quantity of water expended by the navigation will be lb very inconfiderable, in propor- 
tion to what will ftill remain, that the difference will be quite infcnftblc to the occupiers 
of lands. 

15 th. That there is a poffibility that even this inconfiderable lofs of water may be to- 
tally prevented in fcarcc water times ; but at an cxpence to the undertaking which fo- in- 
confiderable a quantity does not feem to merit. 

1 6th. That the courfc of the river from the place of junction of the canal therewith 
to the town of Louth, being narrow, crooked, and generally lhallow, with level mea- 
dows on one or both fides, and fcarccly any part of it in a navigable ftate ; I apprehend it 
will be more eligible and lefs expcnce to dig a new canal, with locks upon the fame, 
at proper diftances, than to purfue the old courfc of the river; and that the fcheme above 
referred to, "is very proper for this purpofc. 

17th. That the rife of the fiver, from the place of junftion of the canal with the 
river, as aforefaid, to Keddington old mill, is very gentle, being in length about 2-| miles, 

and 
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and rife about 24 feet, according to Mr. Grundy’s furvcyj from thence to a meadow a 
little below the leather mill the afcent is more fudden, being 1 1-^ feet in three quarters 
of a mile ; and from thence to the new bridge at Louth ftill more, being about 2 1 
feet in the fame fpace, 

1 8th. I am therefore of opinion, that the diftance of three quarters of a mile from 
the leather mill, to the new bridge at Loutby will be, in proportion to the diftance, the 
moft expenfive part of the undertaking j but that a confiderable fum will be faved by 
terminating the navigation at Kiddington old mill, to which place it may be brought on 
very moderate terms. 

AufthorpCy July 14, 1761. J. Smeaton. 


GENERAL ESTIMATE of tlie expence of making a navigation from Vetn^ Havett 
to Louthy according to Mr. Grundy's plan. 



Fqr barges with ca- 

For barges w ith ca- 

For lighters 


nals wide enough for 

nals for one, with 

drawing 


two to pafs in all 

pairing places. 

2*feet water. 


places. 

/• 

. c- 


F K)m Tettiey Ila^jen to the new bridge at Louthy 


13,686 

10,884 

h'rom Tciney lla^ven to the meadow below the 

leather mill, - . - - - 

12,968 

11.241 

8,931 

From T^tncy Haven to Keddhtgton old mill. 

i i,oy8 

9.481 

7.589 

I'lOm Tefney Haven to the top of Avinghain 

out-fen, - ----- 

00 

6,566 

5 > 3 iz 


N. B. In the above eftimate the expence of procuring an aft of parliament is not in- 
cluded. The marlh land is eftimated at 10/. and the meadow at 20/. per acre; tlie 
ground covered is reckoned at half value, or, what is the fame thing, at half quantity : 
the quantities to be purchaied are as under, lo that whatever alteration there may be in 
the price nov/ fuppofed, the difference may be applied without afFefting the other articles. 



2 barge canal. 

1 barge canal 



canal for lighccj 


acres. 

acres. 



acres. 

Marfh Iands> 

57 

* 45 i 

- 

- 

. • 40 

Meadow land. 


- 26 

- 


> 


Total acres, 89I 

7 *{ 



62j 


Aujihorfe, July 14, 176 ii J* Smeaton. 
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RIVER WITHAM. 

The REPORT of Meflrs. John Grundy, Langley Edwards, 
and John Smeaton, Engineers, concerning the prefent ruinous 
Rate and condition of the river JVilham^ and the navigation thereof, 
from the city of Lincoln, through Bojhn, to it’s outfall into the fea ; 
and of the fen lands on both fidcs the faid river : together with pro- 
pol'als and fehemes for rcRoring, improving, and preferving the faid 
river and navigation, and alfo for effcdling the drainage of the faid fen 
lands ; to which is annexed a plan, and proper eRimates of the 
cxpences in performing the feveral works recommended for thofe 
purpofes. 

INTRODUCTION. 

^“TpHE river XVitham, from Lincoln to Bofton, falls in a crooked courfe through the low 
grounds of the feveral lordlhips following, on the fouth fide thereof, viz. Uncoln, 
Catrjoick, TVaJhinborougb, Branfton, Petter-Hanwortb, NeSton, Dmfton, Metberingham, 
Blankney, Marion, Timherland, Timberland-^Tborpe, Walcot, Billingbay, Billinghay-'Daks, 
and Dogdike, to Cbappel Hill j and on the north fide through the low grounds of Monks, 
CreeHvell, ff^illingbam, Fykerton, Barlings, Stainfield, Bardney, Soutbrey, Tufbolm, Bucknall, 
Ihrfmgton, Stixwold, Swineftke, IVoodbatt, Tbornton, Kirkjlead, 'Tatterpall, and Coningsby : 
and from the faid Cbappel Hill it runs, in a very crooked and meandring courfe, betwixt 
the large and extenfive fens called Holland Fen on the fouth, and Wildmore and Wefi 
Fens on the north, to Room's Hall, and from thence, through fome inclofures, to Bojlon, 
and from Bojlon, through the High Marjhes, into the great bay called Metaris EJhia- 
rium. The diftance from Lincoln to Bofton, by the old courfe of this river, is about 
43 miles. 

This river has formerly been a very good navigation from it’s outfall at the Scedp 
to Bofton, (which is about 4 miles) fufHciently capacious and deep to navigate large 
(hips into the town, and from thence to convey barge.s, keels, and other vefTels, to 
Uncjoln, almoR at all times in the year ; and a very extenfive and advantageous branch 
of commerce has, till of late years, been carried on by the laid river, to the great benefit 
and advantage, not only of the city of Uncoln and town of Bofton, but alfo of the feveral 
towns and villages adjoining upon, and condguous to it, through an extent of country 
for many miles in length and breadth. 


It 
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It was alfo, when in the aforcfaid ftate and condition, the mother river and outfall 
for the drainage, not only of the low grounds and fens aforcfaid, but alfo of the low 
grounds of North Kyme Fen, South Kyme Fen, Hart’s Grounds, Great and Uitle Bests, 
Rakes, Hcckington Fen, Lady Frazer’s 600 acres, Evoerhy, Howel, Ajgarhy, Great and 
Little Hales, Brotberteft, Anwick, Rujkington, Dorrington, Digby, Marcham, HtmdL'-IIonfe, 
Revejhy, Middleham, Moor~HouJe, Mesr Booth, Hermitage, Neivholme, IVcJl-Hottfe, Lai.g- 
7 -ike, Frith Bank, Langworth, Swinecote, Stickford, and Stickney ; and allb of many other 
low grounds and fens lying more diftant and remote therefrom, (but having tlieir outfalls 
for drainage into it) containing in the whole, by eftimation, upwai'ds of 100,000 acres. 

This once fo flourifliing river and country have, for many years laft paft, been falling 
into decay, by the banks of the faid river being fufFered to become ruinous, and 
incapable of fuftaining and confining the water in times of high country floods, fo that 
thofe flood waters, which were neceflary and ufed heretofore, by their velocity and 
weight, to cleanfe out the fand and fddiment brought up by the tides, have been, and 
now are, fufFered to run out of their ancient and natural courfe, and expand over the 
adjoining fens and low grounds, whereby thofe fands, for want of a reflowing power of 
adequate force to carry them back, have now fo much choaked up the haven from 
Bojlon to the fea, that for feveral years laft paft the navigation thereof has been loft for 
fhipping, and it is now become even difficult for barges of about 30 tons burthen to get 
up to the town in neap tides. And for feveral miles above the town of Bojlon the faid 
river is totally loft ; infomuch that it’s bottom is, in many parts, fome feet higher 
than the adjoining low grounds, and the feite thereof converted into grazing and farm- 
ing purpofes. 

This mifehievous efFeft has not only been deftroftive to the navigation of that 
river, but alfo to the drainage of the aforcfaid vaft trafts of fens and low grounds, by 
reafon that many of the mouths of the inward druns, dikes, and fewers, which fhould 
have their outfalls into this river, are totally landed up, and loft, and have not run at all 
for many years into it ; and the few that have their out&Ils fo low as Bofton, and below 
it, are neverthelefs, in all dry feafons, fo much choaked up and obftrudted, that the 
£ud fens and low grounds rnuft be, in fome parts, confiderably under water, before 
they can have vent through their outfalls into the faid river or haven, Whereby the 
flood-waters lye fo long ftagnant thereupon, as todeftroy the herbage thereof, and render 
diem not only ufelefs and unprofitable, but alfo extremely noxious and unwholefome to 
the adjacent inhabitants. 


E 2 
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To find out proper and neceflary expedients to improve this river and fens, furveys 
and levels were taken, fome years ago, from Wiberton Roads to Lincoln^ not only along 
the coiirfe of the faid river, but alfo on tlie adjoining fens and low grounds, to compare 
their different furfaccs, both with refpeft to the faid river and their outfalls to fea ; in 
confequence of which a fcheme was formed, and publilhed in the year 1744, by Meffrs. 
Grundts, Engineers, recommending fuch expedients as, to them at that time, appeared 
proper for effefting the above dcfirable purpofes; upon which, fcveral meetings have from 
time to time been held, to confider this and other fehemes, and many claufes were pre- 
pared for a bill, particularly at a meeting held at in November, 1753, and others 

fubfequent thereto. 

In the year 1760 Mr. Langley Edwards was employed to make views of the 
premifes in queftion, and fince then Mr. Grundy, .the fon, has refurveyed the river and 
fens, and both have made their fcveral reports thereupon ; which faid furveys, levels, 
refolutions, and reports being duly confidered, and a frefli view taken of the river and 
fens in OtJlobcr, 1761, by Meffrs. Grundy ‘and E,dwards, in conjunftion with Mr. 
John SiyiEATON, Engineer, we, the faid John Grundy, Langley Edwards, 
and John Smeaton, arc jointly of opinion as follows, viz. 


REPORT. 

TN the firft place it appears to us, that from the great tendency of this river to filt, and 
the great advance the fame has made in the fpace of 20 years, that in all human pro- 
bability within the compafs of a few years more, not only the outfalls of the prefent 
effefbive dr^ns near Bofton will be totally loft, but the whole river landed up, unlefs 
lufticient meafures are fpeedily taken to prevent it } and the moft eligible means for fo 
doing, we conceive, will be to make and preferve a mother river, of fufficient depth and 
capacity, to effeft a general drainage of the fcveral fens and low grounds aforefaid, and 
alfo to reftore this loll navigation, from the fea through Bojton to Lincoln., and into the 
Bradford Metr, (which has a navigable communication through the FoJJidike ■mlci the river 
Trent) upon the following principles, and by the following methods, viz. 

t* 


ift. That 
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ift. That the new propofed river be made in the fliorteft direftion that can be, con- 
fiftent with the Joweft furfacc of the country, confidercd in a medium proportion, and 
moft convenient for receiving the waters thereof. 

2d. That its dimenfions be fuch as to be capable of receiving and dlfcharging, not 
only all the upland waters, but alfo all thofe of the feveral branch rivers and drains that 
fall into it. 

id. That its banks be made of fufficient ftrength and height to confine the flood waters 
within them, and to force them down to fca, without overflowing tlie adjoining fens and 
low grounds. 

4th. That its bottom be made with a regular declivity from Lhitohi to the fea i which, 
according to the levels, will be at a medium near inches pei' mile. 

5th. To colledt all the living waters into this new liver that can be obtained, by 
fcouring out and imbanking all fide rivers*, rivulets, and brooks tliat bring down fuch 
living waters out of the high country into it, in order to obtain a rcflowing'force that 
lhail be capable of driving out fuch matter as is left by the tides, by which means on|y 
the outfall below can be preferved open and clean. 

6th. To flop the tides from flowing at all into this new river, that its depth and di- 
menfions may be preferved. 

7th. That this work ftiallbe fo conftrudled, that navigation may be carried thereon fo, 
as in no wife to interfere with, or prejudice the drainage. 

8th. That the neceflfary works be conftrufted to retain the fielh water, to be made ulc 
of as occafion ftiall require, for the well watering the faid fens and low grounds in dry 
fcalbns for the ufe of cattle, &c. 

• 

And laftly. That no fait water be admitted into the mother river, or drains, above 
BoJlojty by means of the propofed navigation. 


The 
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The SCHEME for the Drainage. 

ift TO crc£i: a fea fluicc, for ftcmniing the tides between Lodowicks Goivt and Boflon 
Bridge ; and we recommend a piece of ground, commonly called Harr i/on’s four acres, at 
(A) (fee the plan for that purpofe), the floor whereof to lie level with low water mark 
at Wihherton Roads ^ and its neat capacity or clear waterway to be 50 feet, with thiee 
pair of pointing doors to the leaward, to /hut with the flow of the tides, and drop or 
draw-doors on the land fide, to be Ihut occafionally, to retain frcih waters in dry fcafons ; 
the top of tliefe draw-doors to be gaged to fuch a height, as to retain the water of the 
river, not higher, at ordinary feafons, than 2 feet below the furface of the lowcft lands 
that drain therein. 

2d. To make a new cut from this fluice to,^ or near, Anthony's Govst, (A B) in 
as ftraight a direflion as the nature of the grpund will admit of ; 80 feet broad at the 
top, 50 feet broad at the bottom, and 10 feet deep ; and from the faid place at, or near 
Anthony's ' Gowtj to make a new cut (in as ftrait a direflien, alfo, as the nature of the 
ground will admit of) through Wildmore Fen to Chapel Hill (C), at a medium, 66 feet 
wide at top, 50 feet wide at bottom, and 8 feet deep. The earth coming out of this 
new river to be difpofed of in forming batiks, which are propofed to be fet 40 feet 
diftance from the Brink of the river. 

3d. The river, from the upper end of this new cut, at Chapel Hill, to Lincoln, is pro- 
pofed to be continued in its prefent courfe; but the fhallow parts thereof to be fcoured 
out and deepened, where neceflary, lb as to be every where of the following dimenfions 
at a medium, viz. 

For diree miles and a half above Chapel HiU, 60 feet broad at the top, 40 feet broad 
at the bottom, and 5 J feet deep below the prefent bottom. From thence to Wajhingborougb 
lordlhip, above BranftenDyke, (being about 12-J- miles) this river (having the waters of 
feveral rivulets and brooks to receive within thofe limits) Ihould be 40 feet wide at the 
t<^P> 30 feet wide at the bottom, and 2 feet deeper than its prefent bottom, at a me- 
dium. From hence to Stamp End, in Lincoln, (being about 10 miles) to deepen the 
Ihoals in the old river, fb as to be 30 feet broad at the top, 24 feet broad at the bot- 
ttun, and 2^ feet deeper than diey now ixt on an average. 


4th. The 
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4tli. To make and ere£t one waggon bridge at (D), and two horfc bi idges, (E and F), 
with neceCfary gates and fences for continuing the roadway and other communications, 
and for dividing the TFildinore and TFeJi Fens from Holland Fen. 

5th. To fcour out and imbank Kyme EaUy from Dampferd fluice to the river, or fo 
much further as may be found neceflary, fo that its banks may be 30 feet feat, 6 feet at 
the top, and 6 feet liigh. 

6 th. To fcour out T^atterJhaU Bane, from the mouth thereof to Dickmfon's engine, and 
repair the banks tlicreof, fo as to be 30 feet feat, 6 feet at the top, and 6 feet higli. 

7 th. To fcour out and imbank Billinghay Skirth, fi om the Witham to Billingbay Town, 
fo that its banks may be of the fame dimenfions as the former ; and alfo to fcour out and 
imbank the Skirth, from Billingbe^ Town to Kyme caulcway bridges, fb as to be of pro- 
portionable dimenfions, for draining the low grounds above die faid caufeway. 

8th. To fcour out Barling's F.au, from the river to Barling's Ahhcy, and repair the 
banks thereof, fo as to be 15 feet feat, 5 feet at the top, and 5 feet higli j afid alfo to 
dike out and embank Stainfield Beck proportionable to the former. 

9th. To fcour out and imbank Dun’s Dike, from the river Witham to the Carr Dike, (or 
inftead thereof to rcinftate the Car Dike, and turn its waters therein,) lb that its banks 
may be 1 5 feet feat, 5 feet at the top, and 5 feet high. 

10th. To fcour out and imbank No 5 ton Dike and Hare's Head Drain, from the river to 
the Carr Dike, fo that its banks may be 1 2 feet feat, 4 feet at the top, and 4 feet high. 

nth. To fcour out and imbank Wajbinghorough Beck, from the river to the CarrDike^ 
of the fame dimenfions as the lall. 

rath. To fcour out Tupbam Dike, Bardney or Tilebouje Beck, Soutbery Eau, and Stix^ 
wold Beck, and imbank the fame proportionate to the flood waters they bring down. 

N. B. Lodowick's Gowt will be wanted for difeharging the river waters during the exe- 
cution of the work. 

And, for the more certain drainage of Wildmore and Wejt Fens, a new cut and fluice, to 
fupply the place of Anthony's Gowt, be made and erected by the fide of the faid new 

propofed 
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propofed river, and that the floor thereof be laid as low as the bottom of the faid 
river. 

When the works above recommended are put in pradtice, and have had the neceflaiy 
time to produce their effedts upon the out-fall, we are of opinion, that the furface of the 
water in the New River will be capable of running at leafl: 4 feet lower at ordinary feafons, 
than at prefent it can do, and confequently that not only all the lands lying immediately 
thereupon will be put into a condition of effedtual drainage, but alfo fuch parilhes which 
at prefent drain by engines into Ho/ZW /^f«, or into thefeveral fewers bordering there- 
upon, and will likewife be of fervice in affording a more ready difeharge of the downfall 
waters from the lands lying Hill further from their out-fall. 


The SCHEME for Navigation, viz. 

I ft. TO eredt a lock with two pair of doors, pointing to the landward, for the purpofes 
of navigation, and one pair of doors pointing to feaward, to keep out the tides. 

ad. Upon mature conflderation, and comparing the advantages and utility with the 
increafe of expence, we are of opinion, that locks are greatly preferable to flaunches, 
though the expence of the former will be confiderably more than the latter. We there- 
fore propofe to credl three locks in proper places, by the fide of the mother river, betwixt 
the fca fluice and the city of Lincoln, to retain the waters therein for the purpofes of 
navigation in dry feafons (which at the fame time will be fubfervient to the watering of 
cattle) and one above Sincil dike in Lincoln, to communicate the navigation of the Witham 
with the Fo£dikei but that the faid locks may not be prejudicial to drainage in wet fea- 
fons, the three former are to be fo limited in their height, that they (hall not retain the 
waters of the main river any higher than within two feet of the natural furface of the 
loweft grounds above them ; and the weirs or waftes appertaining thereto, (hall be com- 
pofed of flood gates, which together ihall be of the fame cap^ity with the river, in the . 
refpedlive parts where fuch locks are to be eredled, and the latter (propofed to be eredl;ed 
above Sincil dike ) lhall be limited to fuch height, as not to pen the waters higher than 
the prefent natural ftaunch at Bre^ford Head, and that a wafte or weir be ereAed at the 
u^)er mouth of Sincil dike at G, at the fame level whh this look, lb that no prejudice may; 
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be occafioned thereby to the prcfcnt ftate of the Fojfdike navigation, or to the low grounds 
above Lincoln. 

3d. For the careful and fafe management of the locks, and that the wafte gates may 
be at all times opened upon the approach of any flood, or when the river is overcharged 
with water, a dwelling houfe is propofed to be built agunft each lock, and a watch- 
man to be flxed in each to take care thereof* 

4th. To deepen the bed of the river, betwixt (launch and (launch, fufficient for the 
purpofe of navigation, which at a medium will be about 13 inches, which done wit' 
make 3 feet navigation. 

5th. To make proper halingways for men and horfes on the banks and forelands of 
the faid river, and that no damage may be done thereby, proper gates, bridges, (lyles 
and fences be put down betwixt property and property, through which the (aid halingways 
may lead. 


An ESTIMATE of the expences diat will probably attend the execution of the (bre> 

going propofed works, viz. 


The SCHEME for drainage. 


The fta duice near Bificn to be lud level trith dw low water mark at Jf^hhrttn roads (which 
is 3 feet 1 inch and 9 parts lower than Gtwt) with a dmber floor, fnpported by 

dovetail and bearing plea, braces and tyes, with a faperftni6kare of brick and ftone, mth 
three arches to contun 50 feet neat waterway, the fea and land doors of oak, Itc. fee. 

To making the new cat from this fluke, to or wxcAnthm^t Gvm (being 760 roods at so feet 
to the rood) fo as to be 80 feet broad at the top, 50 feet broad at the bottom, and lofeetdeep 
at a medium, will contain 32^ floors in a rood, and for the whole length 24,700 floors, 
which, as the earth is to bebarrowed to the diftance of 40 feet from the brink of the river on 
each fide, and lud in faankfidhion, and on account of die great d^th of the faid cut, srill 
coft about 5t. per floor (or 400 cnbkal feet) and comes to - - 

The inclofed land to be cut through will containabout 6 acres, whkh, at 30/. per acre, comes 

to - - m .... 

The ferelands and cover of the banks will contain about 13I acres, which, at 15/. per acre, is 
The commons to be cut diroagh srill contain az acres, winch, at 10/. per acre, is 
lie finelaads and coves mil be 4|p| acres, which, at 5 /. per acre, is 


£. i. 


4000 o o 


6175 o ^ 

180 e o 

202 le o 

220 o 0 

246 5 o 


Gurtedover 


11023 15 • 
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Brought over 11023 ® 

To taking away the old banka, and cutting acrofs the old river ... aoo 0 o 
To ereAing a new fluke at Autbuff's Gewt, and making the communication cut - 600 0 e 

To making a new cut acfofi ^iUmm Ftn, from or near AHthm/s Gowt, to Ch(^t Hill (being 
roodi) 66 feet broad at the top, 50 feet broad at the bottom, and 8 feet deep on an 
sver^, wBI contain 232 floors in a rood, and for die whole length 42873,6 floors, which, 

02 4«. per floor, comes to . - • • • 8574 14 5 

The land to be cut through will contain 56 acres of coBmon fen land, which, at 10/. per 
acre, comes to • > . - - • 560 0 0 

The forelaods and cover of the banks will contain 136 acres, whkh, at 5 /. per acre, comes to 680 o o 

fcouring out three miles and a h^f above Chaffd Hill, To as to be 60 feet broad at the top, 

*‘ 40 feet broad at the bottom, and 5 1 feet deep below the prefent bed, will contain 13^ floors 
in a rood, and for the whole length (which is 924 roods) 1 2705 floors, which, at 4/. per 
floor, comes to ..... . o o 

To dfliiog eat the eM river where neeefliary, and imbanking the fame from thence to linetit, 
bring in laqgtli 22^ nilesi whkh, being eftimted at t jo/. per mile at a mediim, 
comet to. 3375 o a 

To ere£)ing a waggon bridge over the new river, in the road .from hMgrilt Ferry to Hern- 
tafiU, and two other bridges for communication of the cattle for the ufe of the commons, 
and to making good the fencing betwixt Wilimwe and Wejt Fent and Holland Fen, about 1000 0 o 

To repairing' Ledowici’s Govtt, and making p rapev e oi i lO dife ha rg e the water during the 
w’ork, leaking out water in the reaches, tec, ..... i^ipo o o 

To materials of barrows and planks, treflells, gang ladders, engines, and other utenfils, &c. 

and carriage of them Mine work ..... 1200 o o 

To fcour out and iinbank Kyme Eatt, from Hmffiri Shnet to the river, and repairing the 
banks thereof according to the fcheme .... 1000 0 e 

To ditto of Tatierfimll Bane, of the fiuM ^menfiotts at tile laft, fmaA» fFitiam to Dickin- 
forfs Mill - - - - - - - 300 00 

To ditto of Millingbaji Skirtlu,, from thl2 Witkam to BdUtgieff Tavin, and feoa thence to i^r 
Cauft wty BridgUt as per ichemo • • • • * - 800 o 0 

To ditto at Barlin(^i Ban wk StmefiAAiukt and Mpairiog the banks thereof to. the ctimeh* 
floos mentioneJ in the fchcnie ..... 500 0 0 

To fcouring out and imbanking Dmt (or the Carr as direAed in (he feheme « 400 o 0. 

'I'o ditto of A'ir ••>... 275. o o 

Toiitto of IFa/bingiirtugbBefi • - . > • dooa 

To into of Tupiam Mh M^^dttffwTHtbtitfi Beni, SnitieiySauitniSiuPiinUBtik > 360 o o 

I'o unforefeen and iweidontri OOMingeariei, forpervi^, and offioen to attemd thk work - 3000 o o 

Total far the works^ of genejal drainage 37 ^ 4 fk 9 - $ 


A* 
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An ESTIMATE of fuch works as concern navigation only, viz. 

£• 

To making and elvAing the fide lock or penn fluice, as propoTed in Ae fcheme • izoo o o 
To building 3 locks with proper waftes and fiood gates, as per Icheme, between Chapptl HiU 
and Littcdn ....... 2000 o o 

To three watch- hoofes, and porchafing the ground • > ■ . 150 o o 

To erefting the propofed lock in Lincoln above Sheil Dike, as per fcheme - • 400 o o 

There will alfo be a neceiTity to deepen the bed of the mother river for thepurpofes of naviga- 
tion, over and above wdiat is required for draining, upon an average 13 inches, fiom 
pel Hill to Linaln, which is z6^ miles, and will coftdsont iol. per adlc, and comes to also 0 0 

And for deepening the paflage ^om the lock above Smit Dike, through the high bridge, into 
Brt^fvrd Alar zoo o o 

To materials of barrows and planks, engines, gang ladders, treflblls, &c. for this wodc - 500 0 0 

To unforefeen contingencies and fupervifing the works ..... loo o o 

Total for navigation • - . - • • • 7370 o 0 


John Grvndy. 
Lamclcv E&wards. 
J, Smsatoit. 

Sleaford, November 43, 1761. 
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RIVER CHELMER NAVIGATION. 

The REPORT of John Smeaton, Engineer, concerning the practi- 
cability of making the river Cbelmer navigable from Malden to Cbelmf- 
fordy in the county of Ejfext from a view thereof taken the 28th and 
a9th of May, 17623 from whence it appears as follows: 

I ft. ^'T^HAT the river above Chelmsford bridge, which runs alongfidc the town for 
about a furlong, is fufhciently deep and capacious for navigation, and fo con- 
tinues below the fud bridge, till. within about half a furlong of Mcufebolm Milly where it 
feems too ftiallow. This traCl of the river appears convenient for wharfs and landing- 
places ; bnt in cafe it Ihould be thought proper to carry the navigation above bridge, 
ene of the arches muft be taken down and rebuilt, none of them being of fufficient ca- 
pacity for the craft to pafs. There is alfo ample convenience for making wharfs, either 
by purfuing the Cbelmer^ or by cuts through the level meadows on the north-eaft fide 
of the town. 

ad. Mou/ebohn Mill may be pafled by a cut and a lock on cither fide, but I appre- 
hend with mpft convenience on the north fide, the cut to fall into the river about half a 
furlong below the mill, where the river makes a remarkable elbow to the north. This 
will avoid the Ihoals below the mill •, the water from the wafte gates of the Cbelmer near 
the town to fall into tlus new cut below the lock, and be conveyed thereby to the point 
already remarked. 

3d. From the point above remarked, the river condnues good till about half a furlong 
above Hetrringtm's MU, where there are further obftruflions, which continue below that 
mill very near to Sanford MU, and bdow Sanfard MiU the river is remarkably narrow, 
winding, and obftrufted with weeds and beds of fand and gravel for above a mile, and 
grows very little better till oppofite Captain Honeden*s houfe ; after that it is ftill winding, 
and much obftrufled with weeds, &c. till a quarter of a mile above Bonham Mitt', 
but below the paper mill the river is again {hallow, narrow, and obftrufbed, fo as to be 
in no refpedl fit for navigadon, till a little below Langford Church (which ftands within 1 5 
yards of the river) j from hence |j[ie river is fpacious and good down to How MIL The 
liver at How MiU, and fiom half a furlong' above, verges fo clofe to the high land, that 
no cut is praAicaUe dwre on the fouth fide of the riverj but on the north fide there is 
an exteat of fiat meadows. 


4di. Now 
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4th. Nowconlldering the great difficulties and obftruftions that occur in the river, bc' 
tween Harrington’s MU and Langford Churchy a fpace near upon 7 miles, and that no 
part worthy of conlideration appears at prefent in a navigable ftate, except the fpace 
aforcfaid, about three quarters of a mile between Boreham Bridges and Paper-mill j and 
confidcring that the extra charges in getting into and out of the river, in order to occupy 
this fpace, would nearly be equivalent to the expcnce of continuing a cut by the fame, 
I am therefore of opinion, that the moft cheap, as well as effeftual method of making 
a navigation, would be to defert the river at an elbow about half a furlong above Har~ 
rington's MiUy veering away towards the fouth-eaft till it meets the high ground, and 
then purfuing the fkirts of the riling ground, that is, as much as polfible the confines 
between the upland and the meadows, which is in general land of the'leaft value. A cut 
may be continued with very little interruption on the fouth fide of the river from the 
point aforefaid, juft above Harrington's M//, to another point a little below Langford 
Church, making locks at proper places, fo as to fuit the declivity of the ground. 

5th. The courfe of the river below How MU becomes again narrow, fliallow, wind- 
ing, and obftru(fted with weeds for a fpace of 2 miles, and is not fufficient for naviga- 
tion till about half a mile above Bealy MU, and from thence it holds good to Bealy 
MU. 

6th. The fpring tides flow about 5 feet at the tail of Baily Mill, fo that lighters come 
up thither at thofe tides to take away their goods. At common neap tides there is little 
or no flux here. The diltance from thence to Malden, by the courfc of the river, is ibme- 
what lefs than a mile } and the water runs upon a gentle declivity at low water, from 
thofe mills to Maldsn Bridge. The common Ipring tides flow 8 feet, or upwards, at 
Malden Bridge, and the neap tides about 3 feet; but the neap tides fometimes fall ib 
Ihort, even here, as not to rife above 1 foot. Thefe obfervations, concerning the tides, 
were taken partly from my own obfervations of the tide marks, and partly from the belt 
information 1 could procure upon the place. 

7th. Confidering the natural courfe of the river from How MU to Malden Bridge, as 
aforefaid, I am of opinion, that the cheapeft way to make the moft perf&ft navigation 
the circumftance will admit of, b to take a cut out of How MUpond, with a lock there- 
upon, leaving How MU to the fouth, and either keeping wholly to the north of the 
river, or otherwife interfering the river twice within three quarters of a mile below How 
MU, to pals by Becdy MiU, without coming into its pond at all, leaving that mill on the 

fouthft 
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and kcej-iiiii down the meadows to drop into the river a little above Malden Bridge, 
on tiic noith fide of the river. 

'l is title that the cut might ultimately drop into the river jufl: belovr Bealy Alillf 
which would fave about tliree quai ters of a mile of cut; bat as there is, accoiding to the 
above information, at a medium, near 3 feet more tide at Malden Bridge than at Bealy 
Millt the difference would be, that in one cafe a communication between Cbelmsfcrd and 
Aialden would fcldoni be interrupted, and in the other cafe never open but at fpring tides. 

Upon die whole, I am of opinion, that though there is a pofTibility to make the river 
Cbclmer navigable by its natural courfe, yet there is fo fmall a proportion thereof that 
is at prei'ent adapted to navigation, that it will prove the leaft expence, and by far die 
mod eligible method, to perform the fame chiefly by canals, in die manner above fpe- 
ciHcd, which canals being fupplied with fufHcient bridges for the public roads, carriage 
and odier biidges for communication between private properties, under-ground tunnels 
and pafl'ages for brooks and water-courfes, and back drains for carrying off any foakage 
that may happen where the water is confined by banks above foil; I fay, things being 
thus provided for, die private properties of land will be no otherwife afFcfted, than by 
fo much diminution as Ihall be necelTary for the works themfelves. And having made 
obfervations on the quantity of water current in the Chelmer at the time of this view, I 
am of opinion, that one doth part thereof will be fulficient for pafllng one velTcl per 
day, and confequently that the mills will not be fcnfibly afFedlcd by lofs of water, 
at the fame time they arc mod of them capable of being improved to near double 
their prefent produce. Laftly, having confidered the above particulars, and made an 
edimate of the expence, fo far as I can judge without a more particular and accurate 
furvey of the whole, fuppofing the length not to exceed 13 miles of new canal, the whole 
fall not exceeding 67 f^^ and the value of the land not exceeding Sol. per acre, 3 feet 
navigable water, and the whole perfonned fo as not to require ^vc 1 /* per Cent, per 
Jmi. of the fird cxpcnce to keep the fame in repair for ever, may be done for 16697/. 


^uftborpet ai June, 1763. 


J. Smeatokt. 
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POTTERICK CARR. 

The REPORT of John Smeaton, Engineer, concerning the drainage 
of Fotterkk Qtrr, near Doncajier, in the county of Tori ; from a view 
and levels taken in July, 2762. 

JpOTfERICK CARR is a fenny piece of ground, contsdning, as appears by an old 
furvey of Saxton'%i about 2300 acres : in its prefent Hate, no brook or fpring of 
any account difeharges itfelf thereupon, lb that it is afiefted only by the down-fall waters 
which fall immediately thereon, and from the higher grounds which border upon the 
fame. Thefe down-fall waters, however, on account of the natural flatnefs of its fur- 
face, the imperfeftion of its prefent drains, and the want of a fufficient out-&ll to dif- 
charge them, generally overflow die whole,, or greateft part thereof during the winter 
fealbn ; which waters are partly difeharged by the drains, and partly evaporated by the 
fun, fo as in dry fununers to be tolerably dry, as was the eale when, the prefent view 
thereof was taken. 

» 

This carr is bounded on the S. E. by the river which runs conlklerably above 

the furface of the carr ; but is banked off, fo as feldom to overflow the fame ; the whole 
drainage of the carr is therefore performed by a leparate drain,, called Stetkiug Dyk(» which 
falls into the T ortUt, near Ropngtm Bridge^ abput half a mile below: the loweft point of 
the carr. 

On the oppoflte fide of the river TWwe, extending the whole ^ace that river borders, 
upon Patterick Carr, and fomewhat higher, is Holmes Carr, conflfting of fome hundred 
acres, which arc alfo banked off from the Tome, lb as to be fddom overflowed thereby. 
The furface of this carr, for the greateft part, lays alfo below the furface of the conti- 
guous river, yet Ibmewhat higher than Potterick.. This carr is however iubje(ft to the- 
fame inconveniencies as Potterick Carr ; for in this are fcarcely any drains at all, lb that 
the down-fall water is obliged to find its way over the furface, by a natural declivity;,, into 
the river T nne. 

Part of the Ibuth fide of Potterick Carr is bounded- by CrookbiU baidc and'drain, which, 
prevents the l^ng and down-fdl waters from from entering the carr, and wh|ch 

are carried by the faid drain into the Tome, at a place c^ed CrookbiU ifevk, . . 

\ • I f . 

On the Ibuth fide of Creokbill bank and drain, and bordering on the.tiven Tome,-^ a. 
Jorge traft of low land, called JVadwortb Carr, the furface whereof lays conflderably 

higher 
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higher than Potterick Carr; but as ilie out-fall of its drainage is into the at Crook- 
bill Nooky and the furface of the lorne there being fome feet higher than at Refmgten 
Bridggy the drainage of Wadvoorth Carr is in tnucli the fame condition as that of Pet- 
torick Carr i and this is faid to be the cafe with a large' tra£t of country boixlering upon 
IVadwortb Carr, and extending upwards as far as TickbHlj I therefore propofe to con- 
fider the drainage of Potterick Carr in a two-fold light ; firft, as it is, or may be, conncfted 
with the drainage and improvement of this large tradt of country i and fecondly, as to 
what concerns Potterick Carr alone. 

On this account, I viewed the whole river T wne, from Rojington Bridge, to the out-fall 
of its waters at Aafthorpe fluice, which is a fpace tliat, following the banks thereof, can- 
not be lefs than 22 miles ; 1 alfo purfiied the drains leading to Aufthorpe fluice, quite acrofs, 
by way of the old Dutm, to ^born fluice, and from thence into the prefent river Dutm. 
1 allb carried a level from the river Bunn, at the crimpfal above Doncajler, crofs the little 
moor and the high ground, whereon is the road leading from Boncafter to Loverjal, at 
out-gaftg gate ; thence crofs Potterick Carr, byway of the old Eau (a natural lake 
therein), down to its loweft point, called Toad Holes; thence, by way of Steckmg Byke, 
to Rofmgtm Bridge, and down to the beginning of the participants drain, about 5 miles 
below Rq/mgton Bridge, and about 300 yards above Gatewood Bridge. I likewife car- 
ried a level from the iurlace of the Tome, at CrookbiU Nook, to Rojington Bridge, com- 
paring the fame with the'furfaCe of Potterick, JVadworth, and Holmes Carrs-, and, laftty, 
a level from the furface of ibe water of dre old Em, to the top of the lowefl. grounds 
cf the bridge on Cantley Common, near Boncafter horfe courfe. From which views and 
leveb I would lay down the following fadts and obfervations. 

LEVELS frbm the Bunn at the Crim^al above Boncafter, to the Participants Brtdn, 

near Gatewood Bridge. 

ift. Mean liir&oefltf the Crmf/at above the waur of the Dutm, oppofite iVinv/M, ay July, F. I. 

176 a, -80 

ad. Mean fiirfiwe of the grounds lying bettveen the Crimfjai and the LittU Motr, above the laid 
pinM of die i>«m*s fiafKe, - > - - • -170 

3d. Mean furfiise of the £i>W!r Jbfwr, idiove the Dam, - - - - 14 o 

4th. The canfinvay in the road from Dmccfitr to Ltwrfiu, oppoflte Out-gang gate, above 
■ cIk forfree of Ae, Dtma, - - .. . * 39 71 

jth. The meanfrirfiue of Pnuriei Carr, about too yards witlun.tlie border thereof sear the 
but-gaag gate, above tlie find lurfrce of the Dmm, - - - * 5 

frth. The loweftpiart of Ae Csrr^ (ufMce, near the Divifim on the weft fide of the dyilce, 

ami an Me at AeCarr, as nearly level mth the furfree at the Anncr ftatkm, and 

. AeiefiDKAMClhe Aase* - * - - - ‘ 5 H 

• 7tlb The 
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7tli. The furface of the water in the old Eau, which may be elleemed the fink of the Car^ 
above the Dunnh furfacci ... 

8 th. The furface of the Carr at the TeaJ Holes, near the old eiigine^ above the furface of the 

old Eau, . • • - - - .I 2 

^th. The furface of the river Tome, juft below Rojsngton Bridge, below the old Eau, including 

a fall at the bridge made by the carriages driving through the water, amounting to 2‘ inches, o lo* 

loth. The furface of the river Tome, at the bottom of the ftrait cut or river, extending about 

a furlong below Rojington Bridge, below the furface of the old Eau, • - - i 9 

1 ith. The furface of the river Tome, oppofite a birch tree at the fide of the meadow on the 

fouth fide of the river, about 5 furlongs below Rojington Bridge below the old Eau, - 40 

12th. The furface of the river Tome, juft above the houfes at Oak^ Dam, above the old Eau, 4 8^ 

ijch. The furface of the river at tlie foot bridge, about 100 yards below the road at 

Oakly Dam, below the fur&ce of the old Eau - - - -'60 

14th. The furface of the river Tome, at the entry of the Participants Drain, about { miles be- 
low Rojington Bridge, and about 300 yards above Gatewood Bridge, below the furface of the 
water in the old Eau, - - - - . •• 9 

Confcquently, 

15 th. The furface of the river Tome, at the* birch tree below Rojington Bridge, is higher than 
the fur&ce of the Dunn, at the Crimpfal, by • - - - -’04 

16th. And the furftceof the Tome, at the entry of the Participants Drum, is lower than the 
{v^xh^toi the Dunn ox Utit Crimpfal, hy - - - - - S 

LEVELS from CriokbiU Nook to Rojington Bridge, 

17th. The general furface of Wadworth Carr, near Crookbill Nook, above the furface of the 
Tome, at Crookbill Nook, as was taken 29th July, 1762, - - - - o 9 

1 8th. The mean furface of one of the loweft Hades near Crookbill Nook, above the furface of 
the Tome there, - - - • • - - 01* 

19th. The mean furfitceof the loweft part of Holmds Carr, oppofite Crookbill Nook, below 
the furface of the Tome there, - * - * • *09^ 

20th. The general furface of Potterick Carr, in the meadows adjoining to Crookbill Nook, be- 
low the furfiice of the there, - - - • • • t 

2ift. The height of the bank of the Tome, above water, at fome of the loweft places on the 
Holsnds Carr fide, near Crookbill Nook, and which the T wne is faid very rarely to over-top, o 1 1 

aad. Ditto, on the fide of Potterick Carr, • * - - *011^ 

ajd. Snrfitte of the Tome, at the loweft part of Potterick Carr, called the Toad Holes, below 
the furface of the Tome, at Crookbill Nook, - • - - - i g 

24th. Surface of the Tome juft below Rtfington Bridge, includhig the fall of il inches there, 
below the furfiwe of the Tome, at Crookbill Nook, - - • .35 

Coofequently, 

25 th. Pram the general fiirfiwe of the loweft part of Htlmis Cmrr, near CretUriU Ntoi, to the 
fnrfaee of the Ttnut at R^gtu Bridget there isa&Qof • - •' 

Voi. I. G 
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LEVEL from the old Eau to Cantl^ Common. 

26tb. July 30tli» 1762, found the rife from the furface of the water of the old Eau, to the top P» I« 
of Cantlej Common^ in the loweft part of the ridge between the divifion dyke and the inclo- 
fures next - - - - - - 

OBSERVATIONS. 

47 th. From my view of the country, it appears, that there is a fall of fome feet 
from low water mark in the river near Thome Sluicey to low water mark in the 
Trenty at Author^ Sluice j and from the above levels. Articles 7th and 14th, it appears, 
that the furface of the Thome, at the beginning of the Participants Drain, is lower than 
the Dunn at the Crimpfal, by 5 feet a ^ inches j but as this will fcarcely balance the 
difference at Doncajler Lock, it follows, that the Tome, from the entry of the Partici- 
pants Drain, would have a fall into the river Dunn, at or near Thome Sluice, at lead equal 
to the fum of the falls of the four locks upon the river Dunn below Doncajler, and 
therefore has at leaft an equal one into the drain leading to Authorpe Sluice, which may 
probably amount in the whole to 12 or 14 feet, befides the 5 feet inches above 
mentioned. 

28th. From my view of the country, it further appears, that there is no paflage 
from Potterick Carr to the Dunn, without traverfing the ridge of hills extending from 
Lovetfal to Hatfield, without going below Hatfield j and fince the fame point can be at- 
tained by following the valley of the Tome, I therefore look upon the cutting through 
the high ground, at CasttUj Common, in order to come at the fame point, as quite 
out of the queftion j and to traverfe the aforefaid ridge of hills, after pafling through 
thofe high grounds, will be lefs eligible than traverfing the fame at the out-gang gate» 
and finding the fliorteft way to the Durni. 

49th. It is generally looked upon, that a capacity of redticing the furface of the 
water in the drains a feet under the general furface of the lowed lands to be druned 
thereby, to be effeAual for draining purpofes, and therefore whatever means are ca- 
pable of producing this effeft, will anfwer the end as well as if they were ciq>ab]e Of 
making a greater red'u&ion, becaufe the furfiice of the water being too much reduced, 
with refpe£fc to the furface of*^ fen lands, is found to hurt the fertility thereof. 
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GENERAL SCHEME. 

NOW, with refpe^t to the general drainage of the country, I take it for granted, 
that what wll dran the loweft flades of Waimortb Carry near CrookhiU Nook, will, by 
proper leading drains, do for all the lands that lay further up the country ; but as there 
appears to be from the levels. Articles 17th and aoth, a fall of almoft 2 feet from 
wortb Carr into Potterick Carry which would be fufficient for the drainage of the for- 
mer, yet, was the down-&ll waters of Wadwortb Carr and country above let down, fo as 
to communicate with the drains of Potterick Carry the former would over-ride, and 
thereby prevent the drainage of the latter, unlefs both were carried feparately to a point 
where a fufficient declivity might be obtained, fo as to carry off both without affeft- 
ing each other. This purpofe may be obtained by cutting new drains feparate from 
the river Tom, fo as to deliver their water into the Tom, at the birch tree, below 
Rofmgton Bridge y before mentioned (Art. 11.) and ftill more efiFeftually was the river 
fcoured out, and a bridge built at Oafd^Damy where, from Art. 12 and 13, it appears, 
that 15^ inches of level might be obtuned in little more than lOO yards, the lofs of 
which is a great detriment to the grounds lying on both Tides of the river, between 
the faid birch tree and Oakley Danty during which Ipace the river being deeper than m 
moft other places, would reduce its furface a great part of that quantity lower than at 
prefent. 

To this fcheme will probably be objefted, that the down-fall water of a large traft of 
country being brought down into the T ?m at the birch tree, by more direft paflages 
than heretofore, will be the means of overflowing the meadows below the faid point, 
and alfo raife die waters in the out-fall drain to a greater height than they would other- 
wife do. And it muft be acknowledged, that fomething of this would take place, 
though in fo fmall a degree, as fcarcely to be fenlible at fo great a diflance from the 
out-fall j for it muft be allowed, that in wet feafons the fame quantity of water mull be 
difeharged, the only difierence is in the time. It mud alfo be allowed, that the water 
which comes down the drains to the birch tree, muft otherwife have come down the 
Tome to the fame point, and therefore the water of the Tome will be eafed by that quan- 
tity. The time therefore can only be aficAed by that part which comes down to the 
di^s quicker than it would have done by the Tome j but then in confequence of this 
quicknefs being nearer its out-fall, and coming by a more dire£t road, it will ge- 
iterally happen that the bulk of the down-fliU coming by the dr^ns will be gone ofl^ 
bdbre the bulk of the land waters that come from other places at a great diftance by 
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the mcandrlng courfe of the Tome are arrived ; and confequently, in fuch cafes, the 
rapidity of the waters ccming down will, upon the whole, be rather abated than 
increafcd. 

But if this reafcnlng, however true and explicit, ihould not prove fatisfaftoty to 
thofe who arc to get nothing by perceiving the truth thereof, I fee no way of fteering 
clear of the objeftion, but by bringing a new drain from the river Duntiy entirely in- 
dependent of the river T orne } and I do not find any better way of doing this, than by 
beginning at fome proper point upon the river Dunriy below Stamford lock, and above 
Thome fiuice, from thence traverfing the level moors, and leaving Gatewood to the 
north, to approach near the T orne at Gatewood Bridge, and leaving this bridge, as well 
as the whole river Tome, on the fouth, to follow the low meadows quite away to Pot- 
terick Can-, and through the fame up IVadwcrtb Carr, See. 

In this cafe, it would be neceflary to ereft a fmall fluice at the out-fall of this drain 
into the Dunn. This method would cfFeftually drain, not only all the country above 
Rojington Bridge, but be of great fervice to the lands through which it pafied below, 
and might be executed at a moderate expcnce ; for though the diftance is confider- 
able, yet there is fo great a fufficiency of level, as appears by Art. 27, that a fmall 
drain would anfwer the end. This drain would be fomewhat ftiortened, and the out- 
fall (luice avoided, in cafe the propofed fcheme for making a navigable communication 
between the Dunn near Thorne Sluice, and the Trent near Authorpe Sluice, Ihould take 
place ; in which cafe, the two fchemes would be of mutual afilfiance to each other. 
Yet as the execution of this fcheme of drsunage, in cither method, however pradlicable 
in nature and art, would neccflarily pafs through and fever many properties, how far it 
may be prafticable refpefting mens interefts and opinions, I c^not take upon me 
to fay. 


SCHEME for POTTERICK CARR. 

I come liow to confider what may be done towards the drainage of Potterick Carr, 
independent of the reft of the country, by fuch methods as lay within a narrower com-, 
pafs, and as it were within the diftrifts of the corporation of Doncafter, and proprietor 
of Laverjid. And here two methods ofier themfelves ; one by a fubteraneous pafi&ge 
fitan PettmekCmr to the river Duuu, by way of the Crmpfal ; the other by way of 
StfddugDfke, which appears to be the andent put-fall drain for Petterick Carr into the 
Tfme, ntotwuRefngtm Bridge. 
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ift. With refpe^l: to a paflage from Potteruk Carr to the Dunn above Denea^er, it 
appears} Art. y, that when the levels were taken, there was a fall of 4 feet 4 inches 
from the furfaceof the old Eau to the furface of the river the difrance being about 
a miles. It appears alfo. Articles 5, 6, 7, and 8, that the furface of the old Eau at that 
time was about 10 inches below the general furface of the Carr -, therefore a capacity of 
running off the furface of the old Eau 1 4 inches lower than at prefent, would, with proper 
internal drains, compleat the drainage of this Carr, and ftill there would remain 3 feet 
2 inches fall from the water of the old Eau to the furface of the Durm •, but as the verge 
of the Carr, naxBalhy out-gang gate, is about a mile nearer to the Dunn, to which all the 
water of the Carr would be brought, in open drains, with very little lofs of level, there 
would be 3 feet defcent for the fubterraneous palTage, which from this point would not, 
in the neareft direction, be above a mile, which is fo large an allowance pf defcent, 
that fuppofing a clean bottom carried upon a dead level from the furface of the Dunn, a 
drain of 3 feet wide would fuHiciently difcharge the water. 

The difadvantages attending this fcheme would be, that whenever the furface of the 
Dunn Ihould, in rainy feafqns, be kept higher than 3 feet above its common pitch, which 
I fuppofe it fometimes is for weeks together, that then there could be no drainage at 
all i but, on the contrary, without the help of a fubterraneous Auice, the water of th^ 
Dunn would run into the Carr. 

This inconvenience would, in great mcafure, be obviated by carrying the drain fo 
low as to fall into the river Dum, between the water-engine and the bridge at Doncajier ; 
for this would gain an addition of 5 or 6 feet of level. And though, in the height qf great 
floods, I fuppofe there is not a great deal of difference of the Dunn*$ furface above and 
below the engine-dam, yet I fuppofe that the water rarely continues there for any length 
of time together, fo as to be 3 feet higher in the engine-tail than the ordinary furface of 
the Dunn, at the Crimfjal, oppolite Newton. So that the drainage being flopped but for 
a little time together, would be fufficiendy performed by intervals : but then, as this 
will create about three quarters of a mile addition of drun, and thereby add to the 
tedioufnefs and expence of an otherwife tedious and expenflve job, it will dill remain 
a queflion, how frr this method of drainage may be eligible, efpecially when ’cis con- 
lidered, that, fhould a running land be met with in this paflQige, it might prove an in- 
fmtnounuble difliculty, and the work be obliged to be deferted, after great expences 
incurred thereupon. 
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2d. With refpeft to a drainage into the Tmu, if Sucking Dyke was cturrled down on 
the north fide of the river, and dropt into the at the birch tree, below Rejington 
Bridge, this feheme would be undeniably tbe beft of any; for to this place, from the 
old Eau, there is near upon the fame fidl as into the Dunn, at the Orim$fal, opppfite New~ 
ion, with an opportunity of making a drain of any given capacity that may be required; 
and as it appears, from Art. 21 and 22, that the waters of the ^eme don’t rife in time 
of Hoods above a foot perpendicular, the flood water of the can never over-ride 
chofe of the drain : and whatever force may be fuppoled to remain in the objection to 
the delivering the down-fall water of the whole country into theTeme at this point, it 
will entirely vanifh when applied to PotUrick Carr alone ; for being of fo much lefs ex- 
tent, and nearer to its out-fall, and having fo good a declivity, its water will be cer- 
tainly difeharged before thofe from the different parts of the country are come down ; 
and in long-continued rains it is plain that when the Carr is once overflowed to a certain 
height (as is the cafe at the clofe of winter, when forface waters are moft annoying) that 
the prefent difeharge of water from the Carr, at thofe times, will be juft equivalent to its 
difeharge of water in the fame time when in a ftate of drainage. 

But I will now fuppofe the worft, and take it for granted that nothing can be done 
but by fuch lawful means as may be put in pradice within the grounds of Deneafter and 
Loverfal. 

It appears by the levels. Art. 9 and 10, that from the forface of the old Eau to the 
lower fide of Rqfington Bridge is a fall of 10 t inches, and from thence to the loweft part 
of the ftraight cut, extending about a furlong below the bridge, is lo^ inches more, in 
the whole i foot 9 inches ; but as a redudlion of the forface of the old Eau of 14 inches 
below its then ftate has been Ihewn fufficient for drainage, there will ftill reman 7 inches 
fidl from the old Eau to the pmnt laft mentioned, which is amply fufficient, as the dif- 
tance does niot exceed a mile and half. 

Now the ftraight cut aforefaid, below Rofington Bridge, (which pafles through the 
bounds of the coipoiiation of Dweafier, or Mr. Dixon, of Loverfal,') plainly appears to 
have been imde with a view to the drainage of P^erickCarr : for by cutting off the loops 
of the old river, and making a more free paffiige for die fonu, ' the furface of the water 
would naturally be reduced at the tail of Stacking Dyke, and' confequendy afibrd a better 
fall from the Carr\ and even this conftrufbion, had the whole been done in a proper 
method, and vrith proper dimenfions, a drainage might have been accomplifhed, and 
wifo goiod management preforved to this day: but at prident I would rather advife to let 
« the 
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the Tmie continue its prefent courfej and to cut a new drain on the north fide thereof, 
through the fiud lands, from the loweft point of the faid ftraight cut, up to Stecking 
Dyke-, and either by fcouring out and enlarging Stecking Dyke, or by cutting a new drain 
in lieu thereof this, with proper intern4 draii» within the Gzrr, will reduce the water 
2 feet 7 inches within the general fttrface of die loweft lands in dry feafons, unlefs held 
up to a greater height for the ufe of catde. 

It appears from Art. 2i and 22, that the greateft rile of the Tome in time of fioods 
at Crookbill Nook does not exceed i foot perpendicular ; but there is reafon to fuppofe it 
may be fomewhat more at the point before mentioned, poffibly 1 5 inches, and there- 
fore it will be necefiary to place a fluice or doors at the tail of the drain to Ihut againft 
the water of the Tome at fuch times, and prevent their reflowing into the Carr ; yet, if 
the drains are made of fufficient depth and capacity to run oflF the waters of the Carr 
to the dead level of 2 feet 7 inches below foil, thofe drains will be fulHcient to hold 
water, fo as to drain by intervals without overflowing the furfiice of the Carr. 

It is poflible the fame obje£bion may ftill be urged againft this fcheme as ^ainft the 
former, of going down to the birch tree, viz. that of bringing down the waters more 
fuddenly upon the lands below j but for this, in the prefent cafe, there is moft evidently 
not the leaft foundation ; for fince it will be necelTary to maintain a pair of doors to Ihuc 
againft the T ome in time of floods, it is plain the drainage v/ater can make no addition 
while its doors are Ihut j and as they muft efcape when the bulk of the floods in the Tome 
are fpent, it muft contribute to the carrying off the whole more equally than at prefent. 
And fince this fcheme can be executed within the grounds of the parties concerned, and 
cannot poffibly, even in appearance, prejudice thofe of any other, I apprehend there 
can be no doubt ot the legality thereof ; and as this fcheme can be executed at muclt 
lefs expence than any other, for my own part, I think it merits trial. 

I hope what has been laid will be fufficient to let the proprietors of Potterick Carr lee 
clearly the nature of this bufinefs, and to determine them in the choice of a method : 
when that is done, I lhall be ready to make what further obfervations may be neceffary, 
in order to lay down the pardcular plan and dimenfions, and form an eftimate there* 
upon. 

With refpeft to ffolmes Carry it will readily occur, from what has been faid, that there 
cannot be the leaft difficulty j for fince there is 2 feet 7 \ inches fall from the loweft parts 
oppofite Crec^ilP Nbik to Rajingtim Bridge^ that nothing more is neceffary than to put 

the 
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the banks againft the Tome into proper repair* and to make proper drains to carry the 
down -fall water into the Tome at, or immediately below, Rofmgten Bridget on the fouth 
(ide of the river, with proper gates to ihut againft the floods, as before mentioned : or 
othcrwife, by an under-ground tunnel or fox* to communicate its waters to the drain 
propofed for Potterick Carr, which, in this cafe* muft be fomewhat enlarged on this 
account. 

Auftborpe, September, 1762. J. Smeaton. 


ESTIMATE for draining Potterick Carr, Helms Carr, and Wadfwortb Carr, by a 
pafTage from Potterick Carr, by Bally Out-gang gate and Spanjdyke, to the river 
Dum, below the engine at Doncajler j the tail of the drain to be laid 8 feet below' 
the mean furface of the Carr, and to rife 1 foot to the Out-gang gate. 


To digging out the bul-drm for an arch, length j chains, in order to get round the 
engine into Mr. meadow, adjtnning to Crimp/al ; mean depth 10 ieet bottom, 

width 6 li^, and to batter half a foot in a foot a perpendicniar, containing 1760 cube £. s. d. 
yards, at3fif. per yard, - . • - . **S<3 4 

To waiting the tides 4I feet high, which if done with Extrtf Hone, or brick 
length wall, may be done for 14/. per rood, and for 1 chain there will t- i. 

be 9 rood 3 yards, • - • • -6120 

The floor being fet with Zxtrtp ftone, 9 inches deep without mortar, if done 
for I /. 3 i. per yard, each chain contains, at 5 timt wide, 37 yards, -263 
To ardiing the fame with brick, at 5 feet fpan, fo as to rife 18 inches, the 
exterior curve will eontmn 7I feet breadth, and in 1 chain at brick length 
thick, 7 roods 6 yards • - - > - $ioo 


Value of I chun arching, - - - - -1483 

'Winch in round numbers we will call, - - - - 24 10 o 

To 5 chains of arching, at 24/. tor. per chain, . . . . 

To ramnuiig behind the walls, fitting>in and righdng-up earth, at t/. per yard. 

To temporary damages, at t i, per yard, npon the furface opened, containing 660 yards* 
To extm work, ftcoring the apron, making a front wall next the river, and hanging a 
^nice-door to prevent the water of dw river Hum from reverting into the Carr in time 
"of floods, • 


72 to o 

3 «J 4 
a 25 o 


20 o o 


Carried over 124 tt 8 
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Brouglit over 

From the aforefaid drain for 5 chains^ through Mr. Copliyh cIofe« and from thence '24 chains 
through the Crimfjah total length 29 chains^ may be an open drain^ which at 9 feet 
mean depth, 6 feet bottom, and 4 feet batter per yard perpendicular, turns out 11494 
yards, 2 X^d. - - - - - - - 143 ii 

The mean width of the cut at top will be 30 feet, which in 29 chains produces 6386 yards, 

equal to 1 acre, i rood, 1 1 perches, and each bank will nearly occupy the fame fpace, 
but this is fuppofed to be left of half va^ue, fo that, for the two banks we reckon 1 acre, 

1 rood, 1 1 perches, and in the whole 2 acres, 2 roods, and 22 perches, which if valued 
at 60 /. per acre, comes to - - « - - -15850 

From Crimpfal^ up Spanjpke Clo/es, 26,26 chains, mean depth 1 2 feet, with 6 feet bottom, 

and 4 to 3 dopes, will turn out 16995^ yards, at 3^. - - - 211 i3 lo^ 

The mean width at top will be 38 fiet, which at 26,26 chains long, makes 7315 yards, 
equal to 1 acre 2 roods 2 perches, which doubled for the cover makes 3 acres and 
4 perches, which if valued at 50/. *• - - - - - 15500 

A bridge acrofs at the Extrop Road, - - . - - -30 00 

From the top of Spanjyke Clo/es to the entry upon of the little moor, is 1 8j chains, the mean 
depth 1 6 feet. The digging out a 6 feet bottom, with half a foot batter, in a foot 
high, will turn out 10664 cube yards, which at 4 y. comes to - - - 177 14 8 

To arching 18,5 chains, at 14/. 10/. . • . . . 268 5 o 

To ramming, filling, and righting the ground, at fi/. per cubic yard, - - 22 4 4 

To temporary damages, at 1 d per yard fuperficial of the ground opened, 3138, comes to 1316 

From the entry of the little moor acrofs the fame to the bafe of the hill, about one chain 
within the Green- Lant, is 23 chains, mean depth 17 feet ; the digging out a 6 feet bot- 
tom at a foot batter, in 1 foot rife, will turn out 13859 yards, which at 4F. a yard 
comes to - - - * - - -230199 

To 23 chains of arching, at 14/. 1 or. - - - - - 333 5 o 

To filling in 13859 yards, at I - - - - - 28 17 5^ 

From the bafe of the hill, one chain upon the fame being at a medium 20 feet deep, with 

bottom and dopes as before, containing 782 cube yards, at - - - 16 

To arching ditto as before, - - - • - - 14 

To filling ditto, 782 cube yards, at - - -- -i 

To open cafting on the fide of the hill next the Carr one chain, mean depth 1 2 feet, with a 

6 feet bottom, and dopes as before, - - - - -1500 

To open-cailing, arching, and filling one chain more, mean depth 16 feet, - - 27 o o 

To open-cailing. arching, and filling one chain, mean depth 20 feet, as on the other fide 

of the hill, - - - - - - -33 00 

Charge of the out-fall drain, exclufive of the hill, - - - 

The length of the under-ground padage through the hill, which cannot be conveniently 
open call, is 13 chains, that is 286 yards; but as the quality of the matter is not known 
at the depth it is to pafs, it is impoffible to cllimate the charge of getting through it; if 
it turns out any kind of matter that will Hand unfapported till arched a fathom at a 
time, it may be done for about 4/, per yard, pitting included ; but as it may be attended 
with fome extra trouble, if we allow 2/. ic/. per yard, then 2 86 yards at 2/. 10/. 

' coma to ... . . - - . 
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Brought over 

1*0 extra work 10 fixing 0 drawgate at the entry of the fubterraneous paflkge^ in order 
to take off the water, to repair or infpefl any thing within, and which will alfo ferve 
for holding in water for the cattle in dry rcafons, .... 


Eflimated expence of the out-fall drains ‘ * 

N. B. The whole length is 1 19 chains, or 1 4 mile wanting one chain. 


20 


- 2740 


Mother drains^ barrier bank, &c. within the Carrs. 

To digging a mother drain from the entry of the fubterraneous pafTage to the old Eau. be- 
ing in length mile, to be 21 feet top, 9 feet bottom, and at a medium 6 feet 
deep, containing 30800 cube yards, at a 

To continuing the faid drain from the old Eau to Crookblll Nook, in order to receive the 
water by foxes, from Holmes Carr under the Tome, and from IVadworth Carr under Ca^ 
therine Well Water, being in length 1 ^ mile, to be 19 feet top, 9 feet bottom, and at a 
medium j feet deep, containing 17111 yards, at 2^^. 

To the making a fox, about z yards wide and 1 yard high, for taking the water from 
liolms Carr under the river T wne, . • • . . • 

I'o a ditto, about a yard fquare, from Wad^orth Carr, mth a (buttle for regulating the 
water, that it does not come down fafter than the mother drains in Potterick Carr will 
vent it - - - 

To cutting a back drain behind the bank of the Tome in Potterick Carr, and thereby 
ftrengthening the bank againft the river, being in length about 1 | mile, to be 3 yards 
mean width, and a yard deep, cutting and banking at zd. per yard. 

To ditto behind Crookhill Bank, 1 mile (or fo far as may be found necefiary) of the (ame 
dimenixons, - - . . - . - 

To cutting a mother drain widnn Helmes Carr, parallel with the general courfe of the river, 
avoiding the loops, and therewith forming a bank againft the fame, leaving 20 feet fore- 
land in the neareft places ; the length fuppofed 2 f miles, (more or lefs as may be ne- 
ceftary) to be 5 yards top, 2 yards bottom, and at a medium 4 ^ feet deep, containing 
yards, at 2i/. 

To cutting a mother drain, in like manner, in Wadworth Carr, difpofing the earth bank 
falhibn, as before*mentioncd. The drain to be 4 f yards top, i f bottom, and at a 
mediiun to 1 f deep, foppofing the length 1 { miles (more or lels, as may be neceffiiry) 
will contain 1 1880 yards, at 2 4/. 

To ftrengthening Catherine Well Water Bank againft Wadsworth Carr by m back drain, 3 
yards wide and 1 yard deep, fuppofing the iame 1 mile (more or lers,a8 may be required) 

To banking on both fides the drain by the fide of the road over Wadsworth Carr, which 
brings down the water of feme (jpeiggs, and alfo for making catch-water drains to con- 
duct the upland water into the river, fuppofing the whole to be 2 | miles, (more or lefs, 
at may be wanted) 3 yards wide and 1 deep, . * . 
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GfeNERAL ACCOUNT. 


£• 

Tkc ont^fklls dfsiOf • • « • ^74^ * 7 

The internal works. ....... 1069 14 6 

Contingent expences upon the whole, the perforation of the hill oxcepted, • - 409 o o 

Total •jf. 4209 17 I 

N. B. The fum marked thus f was in die original 2732/. 6/. oi. and dm total m^ed thus * was 
4202/. os. 6 sl. 


OBSERVATIONS. 

ift. In cafe a red fand rock Ihould be found in the hill> at the level of the drain that 
will Hand of itfelf, it may be done for 1 /. 5 a yard, but in cafe it ihould be a foft clay, 
or running fand, it may coft 10/. a yard. 

id. In cafe of fuch a fand or clay, it will be advifeable to fink for a firmer matter be^ 
low, in which cafe, the water may be carried under the hill in manner of an inverted 
lyphon. 

3d. If a red fand rock Ihould lay in a right line between the engine and Carr, as the 
diftance is only 65 chains, it might be cut for about 1828/. 

4th. If fuch a rock ihould be found between the top of Spm^ke Chjes^ in a right line 
to the Carr, the length being 33 chains, the whole expence of the out-fall drain will be 
done for 1751 /. But 

5th. If this laft fpace Ihould be the fame matter as fuppofed in the eftimate for Out- 
gang gate, the out-fall dnun would be done this way for 2659/. but the hazard greater. 

6th. As much depends upon the quality of the matter, it would be advifeable to bring 
this afi^rir to a certainty, by finking or boring. 

ytii. The charge of carrying the drain from the top of SpanJjikt Clojes aert^s the 
little moor to the entrance of the hill, will be fomewhat cheaper by an open drain than 
by arching ; but as the cut and banks would occupy between 50 and 60 yards broad, 
would be lefs dibble to the land owners, and the drain more liable to obftru£tion, by 
matter tumbling from luch very hi^ banks. 

H 2 
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N. B. The bottom for the arching parts is fuppofed to be dug no more than 6 feet 
wide, tliough the drain within the walls is purpofeJ to be of 5 feet, becaufe the foot of 
the flopes may be cut down perpendicular half a foot on a fide, when the mafons arc 
ready to put in the walls. 

Doncajter, March 2 j, 1764. J. Smeaton, 


To Mr. SiiEPPAKD, concerning Fatterick Carr. 


SIR, 

IN anfwcr to your requefi, my report is as follows : 

That in the dry feafon in July 1762, I found the waters of the old Eau in Totterick 
Carr nearly 10 inches below the mean furface of the land in the Carry which in the 
points I tried it was nearly upon a level, which are fpecified in my report, and to which 
I refer ; that from the furface of the water in the old Eauy to the furface of the river 
juft below Rojingten Bridge, I found a fall of loi- inches, and from thence to tlie 
bottom of the ftraight cut, or river below Rcfmgton Bridge, 10^ inches more, making 
together I foot 9 inches below the furface of the old Eau, as it and the river then were ; 
J3ut it is to be remarked, that the furface of the water in the river juft below Rojington 
Bridge was 1 3 inches below the firft apparent joint of the arch on the fouth-eaft angle 
thereof, whereas when I viewed it on the aoth of May Taft, it was nearly 6 inches, above 
the fame. 

1 alfo find from my notes taken in 1762., that from the bottom of the ftraight river 
aforefaid, to the birch tree mentioned in my Report, I made 2 Rations, amounting to- 
gether to 2 feet 3 inches fall; the fiiA below being ii| inches, andthefccond 15^ 
inches •, but how far the firft Ration of 1 1 inches extended below the ftraight cut, I do 
not now remember, having no remark thereupon, the extent of the corporation’s eftate 
on the fouth fide of the river not being at that time diftindtiy pointed out to me } but 1 
have rcafon to believe that at Icaft 6 inches of the 1 1 would fall within the corpora- 
tion’s eftate, fo that hence I infSr, that from the furface of the old Eau, to the furface 
of the river T wrue^ at bottom of the corporation’s eftate, as the old Eau and river 
then M(cre, was at leaft 2 feet 3 inches, and confcquently below the -mean forface in the 
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Carr 3 feet 1 inch, and which I don’t doubt but will appear the fame, whenever the 
obftruftions, which 1 apprehend to be fince formed in the river below Rofington Bridge^ 
are removed, fo as to fuffer the furface of the water to fubfide to the fame point upon 
the bridge, as it was even with in 1762 j and confequently, that with the fall above 
mentioned, the Carr may be effeflually drained, as 1 feet below the furface is generally 
cftcemed by the moft experienced engineers a compleat drainage. 

For fliis purpofe, 1 apprehend it will be convenient to cut a new pafiage for the river 
^orne from foine proper place at or above Crcokkill Nook, and (kirting the high ground 
on Rofington fide, as much as confiftent with a fliort courfc to bring the fame down to 
Rofington Bridge, and building a new bridge for the new river on the fouth fide of the 
j>refent bridge, to carry down the new cut through the corporation’s efiatc on the fouth 
fide of the prefent river, and to drop the fame into the Tome at the lowcft point of the 
faid eftate. This new river being properly embanked, will defend the lower grounds of 
Polterkk Carr from the floods of the Tome, and by proper drains and tunnels will drain 
Holmes Carr, and the higher grounds to the weftward of the fame, without interfering with 
that of Potterick Carr. 

The dimenfions of this new river ought to be at lead 20 feet bottom, with proper 
batters, or Hopes, of at leaft 1 to 1. The bottom ar the tail of the new river to be at 
Icaft 2 feet below the furface of the Tome there, as it was in July 1762, thi.t is, 4 feet 
6 inches nearly below the faid joint in the arch, and to rife upon a plane regularly in- 
clined, fo as to be at leaft 4 feet below the furface of the adjacent carrs, where it joins 
the old rit'cr at or above Crookbill Nook. 

For the drainage of Potterick Carr, I would recommend to cut a new drain between 
the propofed new river and the old one, beginning at the old river juft above the tail of 
the new one, and joining the ftraight river as foon as poffible, to widen and deepen the 
fame in its prefent courfe, fo as to pafs under the prefent Rofington Bridge -, and from 
thence keeping on the north fide of the old river above Rofington Bridge, to join Stocking 
Dyke, widening and deepening the fame nearly according to its prefent courfe, to the 
place where the engine ftood, from thence keeping a ftraight courfe, or as nearly fo as 
the convenience of properties will .allow, through the middle of the Carr to the north 
end thereof. 

This drain I would recommend to be at leaft 1 8 feet wide at the bottom, with flopes 
of at leaft i to i, and to be at leaft 5 feet 6 inches below the faid joint in the arch, the 
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bottom to be carried upon a dead levelj and of ah equal width as far into the Carry as 
till it is oppofite the old Eauy from thence to grow gradually narrower and fhallower, 
fo as to be 4 feet deep and 5 feet bottom at the head ; this, with proper crofs drains, will 
reduce the water in the Carr to very near the fame level as the river at the out-fall of 
the drain. I would further advife that a fluicc with doors, pointing toward the T 
be erefted at the tail of the drain, to prevent the water of the ST ^me in great rains from 
over-riding thofe of the Carry and thereby reverting into the Carry and alfo a ftop- 
fluice with draw-doors upon the tail of the propofed new river, by Ihutting which, at 
proper times, the propofed drain will run at times, when it otherwife would not ; a 
fluice-keeper being appointed to take care of the drawing and fhutting the fame, fo 
as to prevent their running or penning improperly, on account of the lands above 
and below. 

A catch -water drain round the fkirt of the Carr will be of great ufc, in conveying 
the water from the uplands into the new river, without entering the Carr j but as the 
country is not very cxtenfive which at prefent throws down water upon the Carry this 
expedient need not be put in pradice till experience (hews it to be wanted. 

The above reafoning principally depends upon two points, which I would recommend 
to the commi/Tioners to fatisfy themlelves upon, viz. whether obftrudions in the river 
below the corporation’s eftace can or cannot be removed, fo as to run off the water to 
the fame depth as I found it in my furvey in July 1762 ; and fccondly, whether, in 
that ftate of the river, there is or is not the quantity of fall Ipecified, or near upon. 

I am, SIR, 

Your moft humble fervant, 

John Smeaton. 

P. S. The joint of the arch being a little inclined, I took my meafure from thelowefr ' 
fide next the water. 


The 
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The REPORT of John Smeaton and John Grundy, Engineers, 
concerning the prafticability of improving the Fojfdyke navigation, 
and draining the land laying thereupon ; from a view and levels 
taken in Auguft, 1762. 

Fojfdyke is an artificial cut or canal, which joins the Trent and Witbam together, 
by a navigable communication, extending from the T rent^ near Torkfey^ to Brayford 
Meery near the city of Lincoln, being in length near upon i r miles. The river IVitham, 
which has its origin near Poji Witbam, in Uncolnjbire, after purfuing a courfe of about 
40 miles, falls into Brayford Meer, which being a natural refervoir of feveral acres in 
furfacc, and having an open communication with the Fojdyke, as alfo with two other 
ftill more extenfive lakes, or natural refervoirs, called Swan Pool and Cuckoo Pool, their 
furfaces being common, and nearly at reft, will, confequcntly, be nearly upon the fame 
level, and rife and fall together. 

The end of the Fojfdyke next the Trent is Ihut by a lock, having gates pointing botli 
ways, which, of confequence, equally prevent the waters of Fcjdyke from flowing out 
into the Trent, or the waters of the Trent from flowing into the Fojfdyke, according as 
each furface happens to be lower or higher than the other. The waters of Brayford Meer, 
and confequently of the Fojfdyke, are prevented from running off below a certain height, 
by a Ihoal in the river Witbam, between Brayford Meer and Lincoln High Bridge, called 
Brayford Bead, or die Natural Stanch. There arc alfo three other paffages for the water 
of the Witbam, before it falls into Brayford Meer, which are called Sincil Dyke, and the 
two Gowt Bridge Drains j the two latter join the former, and fall into the river Witbam 
below the faid Ihoal of Brayford Head, a little above Stamp End, which is the loweft point 
of the city of Lincoln ; from hence the waters of the Witbam make their way through 
the fens towards Bofton-, but as the higheft part of the bottom of Sincil Dyke and Gowt 
Bridge Drains is feveral inches higher than the top of the Ihoal of Brayford Head, thofc 
ferve only as flaker druns, to eafe off the paffage of the water in time of floods $ but 
Brayford Head is confidered as the gage, weir, ftanch, or tumbling bay, by which the water 
of Brayford Meer is kept up to a certain height, and difeharged when above the fame. 

Now there being a great quantity of low grounds, which have their drainage into 
Brayford Meer and into the Fojf^ke, and their communications, which cannot, in the 
prelent flate of Brayford Meer, be effe£tually drained, for want of a fulEcient fall from 
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the lov.'eft parts of their fiiifc’cc, it is therefore clefirablc to the proprietors of thofe 
lands that Brayford Head fl.oiild be removed, or at leaft fo far lowered, that the water of 
Brayford Meer, and confequcntly the Fojfdyke water, being fo much funk below its pre- 
prefent gage furface, as to afford a fufficient declivity from the furfacc of the lands 
thereinto. 

On the other hand, the rnjjdyke navigation being at prefent deficient in depth of 
water, it is equally defirable to the proprietors thereof that Brayford Head fiiould be 
railed. 

To reconcile thofe oppofite interefts, and give to each party what they defire, with- 
out injury to the other, is the point at prefent before us. 

In the firft place it is very obvious that, was Brayford Head lowered a certain 
number of inches, and the bottom of the Fojfdyke lowered as much, that the lands 
would be bettered, and the Fojfdyke navigation would be in the fame ftate as now j and 
if beyond that the bottom of the Fojfdyke was lowered as many inches more as it is at 
prefent deficient, then the navigation would be bettered alfo, and both fides would get 
what they want. 

In order to examine the merits of this propofition, we founded the depths of the 
Fojfdyke, and examined the qualities of its bottom, meafured the width, and took the 
height of the banks, in a variety of places, between one end and the other, and made 
what other obfervations we could, in order to inform ourfclves with the circumftances that 
would be likely to occur in the execution of fuch a projeft : in confequence whereof, 
we found that (fome few places excepted) the bottom was either a rotten peat earth, 
or elle a running fand j and from the efforts that have already been made from time to 
time, in order to clear the bottom, and by the wharfing up the fides with piles, plank, 
and Hone, as well as from the nature of the foil itfelf, it appears to us to be very dif- 
ficult and expenfive to preferve the prefent depth of water upon its prefent width ; and 
though we are of opinion that the deepening thereof in the requifite degree to anfwer 
the purpofes aforefaid, is in nature poflible, yet, as it appears to us that this deepen- 
ing cannot be effected without moving one of the banks, in order to widen the fame, 
and give a proper foreland thereto, and that in a very confiderable degree for the greateft 
part of the length, it will, in confequence, not only turn out a very expenfive projeft, 
which, by an eftimate we have made thereof, amounts to upwards of 6000/. but be the 
occafion of much lofs of time and profit to the proprietors of the navigation while 
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the w6rk is executing ; and, as it appears to us, will not be fo eligible even to tl.e land- 
owners themfelves as the following fcheme of drainage would be ; for it is moft mani- 
fcft, that no grounds which drain into Brt^ford Meefi FoJfdylUf or any of the pools or 
comnnunications that lay upon the fame level therewith, can receive any greater preju- 
dice, by the prefent height of water in ^cFoJf^ke than heretofore, unlefs it can be' 
proved that Brayford Head is now higher than it was, for if it is not, the cxpence of 
fuch deepening muft in a great meafure fall upon the proprietors of lands, for whofc 
fake principally it is done, it being no matter which concerns the proprietors of land, 
how deep the bottom of Fojifyke is below the gage furface of its water, but only 
whether this gage furface is higher now than it was j if not, and the lefTors and leflec of 
the Fojfdyke are difpofed to be contented with its prefent depth, rather than be at the 
charge of deepening, the deepening, with all its confequences, will then become the 
buriiici's of the land owners only, except what it lhall be reafonable for the Fojfdyke pro- 
prietors to contribute, for the advantage of a greater depth than at prefent, after all 
lolTes and damages that they (hall fuftain thereby are made good. 

Whether Brayford Head is higher now than formerly, is not for us pofitively to deter- 
mine } and though it is pofllble fome acceffion of matter might have come to Brayford 
Head from various caufes and accidents, yet as the fhoal is not compofed of fixt 
matter, it may notwithftanding have been upon the whole in a Hate of diminution, ra- 
ther than increafe, fince the increafc of traffick, by the palTing of boats and carriages 
upon and over it. 

Having viewed and taken the levels of various points of the furface of thofe lands 
which drain into Fojfdyke, Brayford Meer, or their communications, we find thofe moft 
fubjedl to be drowned are as follows. 

On the fouth of Fojfdyke are Lincoln Holmes, Bootham low grounds, Skellingtborpe low 
grounds, and part of Saxelby pafture : on the north of the Fojfdyke are part of the Lin- 
coln Common, Burton Fen, South Carlton Fen, North Carlton Fen, and a fmall part of Brox- 
holme, Haddow, and Saxelby low grounds, upon the TilL 

The furface of the grounds abovementioned are at a variety of elevations above the 
level of Fojfdyke water ; yet the greateft part thereof were Icfs than 3 feet, and we 
found no confiderable quantity but what was at the time of this view i foot and upwards 
above the Fojfdyke, (the greateft part being from i foot to 1 foot 6 inches) except the 
Hajfocks in Lincoln Holme, (being in a manner a bog) a fmall part of the low Oade which 
Voi. I. I extends 



C 53 ] 

exteAds tbe to Bifitp Bri^e on Lmcobt Cm»eHt and a fmail quantity in 

Sax^iy pafture oppoftte to die Tillt which vere but little elevated above the Foffi^kt fur* 
face. But the loweft ground of any confluence, is a flade extending from Cucku P» 9 l 
to Saxelby pafture, which af^ears to have been the courfe of the tiU before the F<^^h 
was originally cut \ this was from 5 inches to about a foot above the faid Ftjfdyke furface. 
At the time when this view was taken, there was at a medium, as before mentioned, 
4^ inches water upon Brt^ford Head ■, from the beft information there is foarcely ever 
Ids than 3 inches, and in great winter floods, full 4 foet ; fo tliat it may be reafonobly 
conjeflured, and we have been fo informed, diat in the fpring of the year, and at all 
other times until the faid flood waters, which have expanded themfelves over that large 
tnsft of low grounds above Uncoln, are exhaufted, there can fcldom be lefs than 10 
inches water thereon. 

The principal opening for the difcharge of chofe waters of the Wltbam, and from this 
traft of land under confideration, is through Lincoln High Bridge^ which in the narroweft 
part is no more than 1 5! feet j befides which arc Sincil Lyke and the two Goat Bridge 
Drains aforefaid, which though greater in width when taken together, yet from laying 
confiderably higher, and from thofe drains being very dcfedive, are not capable of dif- 
charging more water than the High Bridge fingly. 

From hence it appears, chat the low lands before mentioned, when once overflowed, 
their drains having an open communication with each other, muft remain under water 
during the winter, and a great part of the fpring feafon, and are without the compafs of 
a compleac drainage in their prefent fituation. 

Imbanking and engines are a general method of drainage, which may be put in 
pratftice where notlung elfe can ; but the certain expence, and uncertain effedt thereof 
at cridcal times, have made all drainers prefer the ufe of natural means, where thofe 
natural means can be had* 

On examining the Feji^ht we find the general bottom to be about 2 feet 8 inches 
below the level of Brayford Head^ in fome few places left i but as they are only fhort 
diftances, they will eafdy be reduced to a proper dq>th by dred^ng, fo that tl^re is 
wantng 10 inchesof dq>th in order to compleat the navigatbn to 3 feet 6 inches } for 
the addition that will be made by^ or 4 inches of water conftancly going over Brevard 
Bmd» will give a fufficieocy of fiee water for navigating vefiels drawing 3 feet 6 inches. 
In Older therefore to give the F^yhe this ncceftary addition, and at the fame time to 
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drain the lands in quclKon widiout detriment to any other, we propofe a fchemc .bunded 
■ on the following fadls. 

ift. That from the furface of the river Witham, 7 Ai&it lower mouth o£Smil to 
the furface of the water of Bn^ord Meer^ when at its ordinary fummer’s height, is a 
rife of 14 inches ; but from the furface of the river at Stmfgrd to the fame place, is a 
rife of I foot 7 inches and a half ; and from the furface of the Bn^ford Meer^ to the 
furface by Batik’s Sluice^ is 2 feet inches. 

2d. That from the furface of Brayford Metr^ to the furface of the river Withm^ at 
the upper mouth of Sincil Dyke, which runs under Bargatt Bridge, is a rife of 1 foot 
6 inches. 

3d. From the furface of Brayford Meet, to the furface of the river Withm at Brace 
Bridge, is a rife of 3 feet 2 inches. 

4th. From the natural ftanch of Bradford Head, to the bottom of the river at Brace 
Bridge, forming a natural (lanch, there is a rife of 2 feet 6 inches. 

\ 

5th. That from Brayford Head, to the bottom of Sincil Dyke Drain, at its highell 
part, near Bargate Bridge, is a rife of i foot 7 ^ inches ; and from Brayford to the mean 
higheft bottom of the Gowt Bridge Drains, is 1 foot 3 1- inches. 

N. B. At the time of this view, the Sincil Dyke and two Gowt Bridge Drains were all 
ninning about 3 inches over their highefe points. 

6th. We feund, from our levels and obfervations, that all the low grounds adjoining 
upon the T‘iU, are on lb high a level above the furface of die Fojf^ke, that they will have 
a drainage therein on the decline of floods, except about 40 acres, contained in a narrow 
fereed by the old courfc of the 'Till fide, frwn Haddow Bridge, about half a mile upwards, 
die loweft part of which we found 1 3 inches above the furface of the Fojifyh, and about 
20 acres more laying in a Hade a little higher up, on the north fide, the lowed part of 
whole furfece was 9 inches only above the Fojf^ke j we allb found that the only con- 
veyance for the Tiitf oppofite this flade, was an artificial cut or ditch, about 3 feet and a 
half wide in the bottom, »id at this tune quite dry. 
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7th. That having examined the fcveral drains that fall into the Foffdyket weft of 
the 'Till, we find that the bottom of Dodington Drains (by its tunnel) is i foot 6^ inches 
higher than the furface of the Fojfdyke ; Tbomey Drain bottom> near the tunnel, is 6 
inches above the faid furface of the Fojfdyke j but the bottom of the faid drain, which 
rifcs gradually at about ■! of a mile diftance therefrom, is 4 feet higher than the fame. 
..The bottom of the fiift drain on KettUtborpe Moor, near its tunnel, is higher than the 
furface of the Fojfdyke by 3 feet 2 inches, the ad by i foot 10 inches, and the 3d by 
a feet 2 inches } the bottom of the drain between KettUtborpe and Fenton Moor, by its 
tunnel, is i foot 1^ inch, and that on Fenton Moor is i foot 7 inches higher, by its tun- 
nel, tlian the furface of the faid Fojfdyke ; and all the faid drains rife confiderably, as 
they advance into the land, and the faid land., is alfo in general confiderably higher 
than the bottoms of tlie faid drains, fo that it is evident that none of tliefe drains, 
nor the lands through which they pafs, can be afFcfted by a rife of 10 inches in the 
FoJJfdyke above the furface it then had, viz. 4 inches and a half above Brayfcrd Head, 


SCHEME for a general drainage and navigation. 

ift. TO imbank both fidcs of the Foffdyke, where wanting, from Bray ford Meer to the 
river Till, making all good, 5 feet higher than Brayford Head, (which, as the flood waters 
of the JFitbam arc propofed to be kept out of this part of the river, will be fufficient) and 
cutting oflF all communication with Swan and Cuckoo Peels. 

2d. To fcour out and enlarge Sincil Dyke, from its lower mouth near Stamp End, to 
the place where the firft or northernmoft Gewt Bridge Drain falls into the fame, bringing 
up the bottom upon a dead level with the bottom of the river JFitbam at Stamp End, 
making it 25 feet wide at bottom, with proper flopes. Then to fcour out and enlarge 
the faid Gewt Bridge Drain, from the faid Sincil Dyke to the JFitbam, continuing the bot- 
tom thereof u^n the fame dead level, and 15 feet broad, with proper (lopes or batters; 
and to continue the lame underneath the JFitbam, by means of an underground tunnel 
or fox, 14 feet wide and 3 feet deep, with pointing doors on the eafi end, and draw 
doors on the weft end thereof: die river WUbam to be entirely banked oflF from falling 
into this drain. A new drain of the fame depth and capacity to be continued from the 
F^ U) Aich part of Swan Peel as is as deep as the drain. 
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A drain of the fame dimenfions to be continued from Swan Pod to Cuckoo Peel. The 
ground taken out of tl>e new cuts from the Witbam to be difpofed of bank-fafhion, leav- 
ing forelands of 3 feet on each fide of the cuts. 

3d. To fl.rike out a drain from Swan Pooly or from any point of the drain before 
mentioned, between Swan Pool and Cuckoo Pool, that lhall be in a proper diredion for 
croffing the Fojfdyke, and to purfue the fame to Bifliop Bridge. This drain fhould be 14 
feet bottom, with proper flopes, and to rife from the aforefaid dead level one foot be- 
tween Sxvan Pool, or the point aforefaid, and Bi^op Bridge j the faid drain to cemmuni- 
catc under the Fojfdyke by means of a fubteraneous tunnel, or fox, of 1 2 feet wide and 3 
feet high j the earth of the cut from Swan Pool to the fox to be difpofed of bank-fafhion, 
with forelands of 3 feet. 

N. B. A bridge will be wanting over this drain on Lincoln Common, 

4th. To ereft a lock with a pair of gates, upon the paflage between Mr. Ellison’s 
wharf and Brayford Meer, the gates to be pointed towards Brayford Meer ; the whole to 
be built high enough to pen the water of the higheft floods of the Witham from flowing 
into the Fojfdyke. 

5th. To fcour out the river Witham where w'anting, from Brayford Meer to Brace 
Bridge, and to embank the fame on the v/eft fide, fo as to be flood proof, and continu- 
ing the fame on the fouth weft fide of Brayford Meer, to join the fouth fide of the laid 
lock ; and to conftrudt a fimilar bank on the north fide of the faid lock to the high 
land on the north fide of Fojfdyke, making the faid banks 30 feet feat, 6 feet top, and 6 
feet high •, the river between Brayford Meer and Brace Bridge to be made at leaft 36 feet 
wide, and its bottom fo deepened as to form a regular inclined plane one foot deeper 
than the prefent level of Brayford Head at that end thereof, and of the prefent depth at 
Brace Bridge. The bank to be formed partly from its back drain 10 feet wide at top, 
4 at bottom, and 3 deep } the reft from the faid widening or deepening the river, and 
to be placed 40 feet from the border of the river. . 

6 th. To further fcour out and enlarge the Sincil Dyke between the two lower mouths 
of the Gowt Bridge Drains, lb as to be of the fame dimenfions as before fpecifled for the 
lower part thereof, and from the lower mouth of the fecond or fouthernmoft Gowt Bridge 
Drain, to fcour out and enlarge the Sincil Dyke to its upper mouth at the river Witham, 
fo as to be 12^ feet bnttom, Wtth'proper, Hopes, and the bottom- to be carried nearly 

upon 
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upon t dead level from the fakl point to the river 1 VUhm> And in like manner and 
proportion the fecond or fouthcrnmoft Cowt Bridge Drain to be fcourcd out, and en- 
larged, from the f«d point to the river Witbamt and to ereft two ftaunches ; one upon 
the upper mouth of the Sincil Dyke, the other upon the upper mouth of the faid Gowt 
Bridge DreUn, both opening into the river Witbam : the SinHl J^ke ftaunch to be gauged 
to I foot 4 inches higher than the prefent level of Brayferd Head that is lower by 3^ 
inches than the higheft part of the prefent bottom of the faid drain, and the Gowt Bridge 
(launch to be gauged one foot inches above Bre^ferd Headi that is one inch lower 
than the medium of the two Gowt Bridge Drain bottoms ; the faid ftaunch to have a clear 
waterway of feet each, and their cills to be Irid as low as the bottoms of their re- 
fpedive drains. 

7 th. To ere6l a ftaunch at or near Lincoln High Bridge, on the weft fide thereof the 
top of which to be gauged to 10 inches above the level of the Brayford Head, 

and to be filled up with doors capable of allowing a clear water-way of 1 5 feet at leaft, 
and the cills of thefe doors to be laid at leaft a feet 8 inches below the level of the pre- 
fent Brayford Head ; after which, the faid ihoal of Brayford Head to be removed, and 
the whole contents of the river, between Briyford and Lincoln High Bridge, to be taken 
away as deep as the cill of the faid ftaunch. 

N. B. If inftead of erefting the faid ftaunch at the High Bridge, it be erected 100 
feet to the weft of the faid bridge, with a pair of doors pointing towards Bre^ford Meer, 
it will form the upper gates of a lock, for making a communication between the 
Foji^ke and intended navigation from the High Bridge to Bofton. 

8th. To fcour out, enlarge, and embank the Till, from its junftion with the Fojefyh 
at Haddow Bridge, to about 1 mile above the fame, lb as to be capable of fiiftaining 
and confining the greateft floods within its banks, and to lay a fmall fubterraneous tunnel 
of about 6 inches Iquare under the fame, to convey die do<wn>(all and foakage waters 
from the low grounds laying weft thereof^ into Burton main drain, by which they will be 
drained in conjundtion with Carlton and Burton Fens, &c. without any annoyance 
thereto. 

N. B. It is propofed that the faid cut Audi be at leaft 12 feet wide at bottom, and ks 
banks 5 feet higher than Foffifyke furfiKC at low wamr. 

9th. The ganged bifroffar^ Lock, (being 10 mchei in hei^) to be removed, 
and the framed bar to become the gauge at 


loth. To 



[ <53 ] 

loth. To creft a pillar of ftonct in or by die fide of Br^/ord Meer, whofe top to be 
I foot 2 inches above the level of Bn^trd Htad; to be fo placed that the water thereof 
may 6ow freely round and upon the fud ftonci with a fet-off or confpicuous markj i 
tnch~b?lQ'W the laid top. 


The OPERATION of tlie foregoing ConUruftions. 

I ft. AS therrf appears, from the fads before ftated, to be a fall from the furface of 
Brevard Meet to the furface of the river Withemy at the lower end of Sincil Dykcy of 14 
inches in its common fummer’s ftate; and that from the lower end of Smil Dyke to Stamp 
End there is a further fall of 5 -j inches, chiefly owing to the obftruAions of the river 
IVitbam between thofe two points, and alfo a yet further fall from thence to Baily's Sluice, 
of 10 inches ; it follows, that whenever the Commiflioners for the navigation between 
Lincoln LBgh Bridge and Bofton lhall be pleafed to execute this part of their undertaking, 
according to the a<ft, that there will then be a much more confiderable fall obtained : or, in 
the mean time, if they will fuffer the drainei^ above Lincoln to deepen the river between 
St<mp End and Sined Dyke, that then this 5 ^ inches lhall be added to the former 14 inches, 
fo as to make 1 foot 7 ^ inches fall from Bray ford Mter to the lower mouth of Sincil Dyke. 
However, not to build this fcheme upon the probable execution of another, we will, for the 
prefent, fuppofe every thing within that a£t to ftand as it now does, ftill there will be a fall 
of 14 inches gained to Br^ford Meer-, and fince the general furface of the low grotmds (be- 
fore fpecified) that drain into Brayford Meermttt from a foot to 18 inches above the 
furface of that mcer, at the time of this view ( Brt^ford Meer being then 1 ^ inch higher 
than its loweft ftate) it follows, that there will be a fall of above 2 feet 6 inches from 
the general furface of the low lands to their out-fall at Sincil Dyke tail ; and as the flood 
waters of the Witbam (which, for want of a fufficient difeharge at Lincoln, have chiefly 
contributed to the overflowing of the fame) will be held off by the propofed bank from 
Br^ord Meer to Brace Bridge, there is no doubt but that the fall above mentioned will 
be fuflicient for the general drunage of the low grounds afbrefaid. It is true that fome* 
places, within the low grounds afore fpedfied, lay lower than the general ftirike by ie- 
veral inches ; but as the quantides fb circumftanced are of no confiderable extent, an4 
as thofe very pieces will, by the execution of this fcheme, be in better condition, as to 
drunage, than the greateft part of the low grounds now ar^ no reafonable ol^edion can 

be 
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be drawn againft the fcheme in general from thofe particular places ; for as to the low 
fladc of the old between Cuckoo Pool and Saxelby PaJiurOt it may be provided for 
by carrying the main drain through it, and vnll, of confequence, be moft early in re- 
ceiving benefit j and yet this flade will, at a medium, lay 2 feet, and its very lowed parts 
next Cuckoo Pool 19 finches above fummer’s water, even fuppofing nothing was to be 
done below the tail of Sincil Dykt.. 

ad. With refpeid to the low grounds laying upon the 37//, the Fojfdyke water being 
raifed 10 inches by the ftaiiches at Lincoln High Bridge, will pen 10 inches upon the mouth 
of the faid river in dry feafons, at which time it has no currency ; but as we don't find 
any of thofe grounds will be affefted thereby, except the fmall quantity before fpecified, 
and as in times of raids and floods, or whenever the water coming from the Witham 
would, in its prefent condition, rife lo inches above its lowed date, (which, as has been 
(hewn before, is the greated part of the year) the 3 V// will have a much better out-fall 
tlian it now has ; for, in the fird place, as the JVitbam waters (which at prefent rife upon 
them near 4 feet in times of floods) will be entirely fliut out from the Fojfdyke whenever 
they would over-ride the fame, by reafon of the locl^ near Breyford Meet, and banks 
mentioned in the 5th article, as thofe waters themfelves will be much fooner difeharged 
than at prefent by the propofed danches, as die gauge bar at L’orkjey Lock will be re- 
moved j and as it is alfo propofed to confine the flood waters of the 37 // with banks of a 
fulHcient height and drength to fudain them till they are fully difeharged into the 
Fojfdyke, the low grounds on each fide the faid Till can then be. no otherwife annoyed 
than by the down-fall and foakage waters, which will be very inconfiderable, as the 
earth for making the faid banks is of a drong and tight texture, and as an ample provi- 
(ion for carrying oflf thefe down-fall and foakage waters is made by the fubterraneous 
tunnel to be laid under the 37 // into Burton Drain, it follows, that upon the whole, the 
difeharge of the Till waters will be confiderably facilitated and improved, and the 
drainage of the low grounds under cohfideration, that lay thereupon, will be compleated. 

3d. The grounds, wed of Saxelhy, which drain into the Fojs, will in like manner have 
the furfece of that river railed 10 inches upon the tail of their drains, in dry fealbns but 
as we find none of them that will be aflFeftcd by that rife, (very little by double, nay 
even treble) and as the Fofs will no longer be raifed by the IVitbam floods, and thofe 
floods fooner run off by the gates of the propofed danches, it will be kept at a more 
condant hei^t, being no otherwife afiefled than by the influx of their own and the 
TiB waters, which will find their way either into the Trent or Witbam waters, as foon as 
either river is fo fettled as the Fop water will over-ride them j fo that upon the whole, ' 

thefe 
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thefe lands being freed from the high floods, which principally annoy them, wHl be 
greatly benefited, and ought in ftriftnefs to contribute towards the making of the faid 
lock and bank. 

4th. The proprietors of lands above Brace Bridge mM alfo receive benefit by this con^ 
ftruftion; for fincc there is 18 inches fall from the upper mouth of Sincil Djkcto Bray- 
ford Meer at ordinary fcafons in fummer, it is plain that an additional pen at the faid 
mecr will not fenfibly affeft the level of the water at the entrance of Sincil Dyke ; on the 
contrary, when the widening and deepening of the River between Brayford Mcer and 
Brace Bridge is performed, the water will then run oflF lower tlian at prefenti and fince 
the tops of the ftaunches at Sincil Dyke and one of the Gowt Bridge Drains are to |[ie lov/cr 
than their refpctStlve bottoms now are, and the capacities of thofe drains greatly en- 
larged, it IS manlfefl tlrat though the ftaunches were never to be drawn at all, the water 
would have a better paffage than it can now have ; but as the prefervation of the 
banks, propofed in Article 5. of the fcheme, depends upon drawing the ftaunches, the 
proprietors of the aforefaid low grounds will not be wanting in drawing them when nc- 
ceflary, which will afford a great eafement to the palTage of the water far beyond any 
thing they have ever had : and, for the prevention of difputes between the land owners 
and navigators, it is propofed that whenever the water of Brayford Meer covers 'the 
ftone pillars propofed in Article 10. that the gates of the ftaunches fhall be drawm, or fo 
many and fo much as lhall be found neceflary to reduce the waters i inch below the top 
to the mark aforefaid ; and whenever the water fhall fettle below the faid mark, tlien 
the gates of the faid ftaunches to be fliut down, or fo many and fo much as to pre- 
vent its falling below the faid mark, which bufinefs will be regularly done by a perfon 
properly appointed and audiorized for this purpofe. 

5th. I'he undertaking for drainage of the fens, and navigation between Lincoln High 
Bridge and Bofton, will alfo be benefited by this fcheme ; for fince die great objeft of 
that fcheme was to preferve the living and flood waters, particularly thofe of the fyitham, 
for fcouring of the out-fall, by this means they will be preferved, and brought down by 
the readieft paflagej inftead of being Ipread over the fens and low grounds above Lin- 
coln, by which riteir force is broke, and a great part thereof evaporated by die fun and 
winds. It is true that the Fojfdyke being kept up 10 inches higher, will expend fome- 
what more water in the paffage of each veffel; but, on the other hand, the communica- 
tion between die Fojfdyke and the Swan and Cuckoo Pools being flopped, the evaporation 
-&om the extended furface thereof will diereby be faved ; and the matter being reduced 
to a fair calculation, k appears that this evaporation is grdllly more than fufficient to 
VoL. I. K fupply 
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fupply the difference of lockage, leakage, and foakage, that will probably arife from 
an incrcafc of height of lo inches in the Fojdyke furface. 

6fh. This fcheme will alfo be of great benefit to the navigation of the FcJHyke, not 
only in giving the ncccflary quantity of water to render it compleat in all feafons, from 
the river ’Trent to Uncoln High Bridget but in excluding fuch extra quantities of water, 
as in time of floods not only annoy the navigation, but the lands adjoining tliereto, 
which inconvenience muft have fubfifted ever fince this cut was originally made, and 
confequently muft always have been the foundation of difputes and diffadsfaftions be- 
tween the navigators and land owners tliereto adjoining ; and upon the prefent fcheme 
it apptjirs that the intereft of both parties coincide, it is greatly to be wilhed and 
hoped that they may as heartily join in the ex;:ence of executing the fame upon an 
equitable footing; and left any jealoufy on the part of the land owners fhould obftrudt 
the execution of a projeft fo much to their advantage, as fuppofing it more calculated 
to ferve the navigation than themfelves, we think it expedient to declare, that nearly 
the fame advantages can be procured to the navigation as will be obtained in the fcheme 
before fpecified, without prejudice to the prefent ftate of the land owners drainage, and 
tliat to accomplifh as good a drainage, as is propofed by this fcheme, will coft the land 
owners confiderably more, tlian if done conjunftly with the proprietors of the na- 
vigation. 


An ESTIMATE of the works mentioned in the preceding fcheme. 


Article ift. To making good both banks of the from Bn^fvrdMetr to Saxtlfy 

oppofite the Tilt, - . . . - - 

Art. id. To iconring out and enlarging Situil Dykt, from its lower mouth to the firft 
Gtfwt Bridge Drmn (including conungcncies), - ... 

To icouring out the firft Gvwt Bridge Draia, from Sineil Byte to the Witbam, and the 
cmitingency of under-pinnii^ the arches under which it pafles. 

To making and laying the fox under the Witham, - - ' 

To nuking a new drain from the fox to Svieai • - 

To making a dnih from jwm Peel to Cuekee PeeJt - > 

Art. 3d. To snaking a new drain from or near 5wmr Peel to Bifiefs Bridge, 
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190 o o 


To making aiid laying the fox under Ttjfdyic^ , . - - 

To makkig a new hauling bridge over the drain« and a waggon bridge for the road to 

Pywipe inn, - - - - - • -40 00 

Art. 4th. To conilruftiog a lock between Mr. ElU/on\ wharf and Brayford Meer^ - 400 o o 

Art. 5 th. To fcouring out and enlarging the river fVitbatn^ and embanking the fame on the 
weft fide from Brayford Mur to Brace Bridge^ and to embanking Brayford Meer on the 
fouth-weft fide, from the north end of the aforefaid bank to the lock, and from the 
lock acrofs the high land in the north, including the fouth drain, - - 5^7 19 

Art. 6th. To fcouring out and enlarging Sincil Dyke, between the lower mouthi of the 

Gouot Bridge Drain - •- - - ^ - 1200 

Scouring out and enlarging Sincil Dyke from the fecond Gonjot Bridge Drain to the 

Witham, and the contingence of under-pinning Bargate bridges, - - ^3 5 o 

To fcouring out and enlarging the fecond Gowt Bridge Drain, from Sincil Dyke to 
the IVitham, and the contingence of under-pinning the arches under which it paftcs, 42 10 o 

To ercfting two ftanches, one at the upper mouth of each of thefe drains, at i8o/. each, 360 o o 

Art. 7th. To conftru^ting a fixed flanch, with draw-door, at or near the High Bridge, at 

Lincoln, - . • - •• 200 O 0 

To fcouring out Brayford Head, and deepening the river from Breyford Meer to Lincoln 
High Bridge, including the rebuilding of walls, - « • - 195 0 0 

Art. 8 th. To deepening and enlarging the Till, from Haddvw Bridge one mile upwards, fo 
as to be 12 feet wide at the bottom, and making ftrong and effeftual banks 00 each 
fide, at leaft five feet above the low water in the • - - 168 6 cs 

To making and laying a fubterraneoos tunnel under this dyke and banks, 6 inches fquare 
within, - - - - - - - 400 

To making a catch-water drain and bank on the lower fide, at the upper end of this 
new cut, to reach the high land on each fide the fame, which will conduft all the 
flood-water therein, - - - - * - 850 

Art. 9th. To taking away the gauge-bar at Torkjey Lock, * • - 050 

Art. loth. To creAing a ftone pillar for a gauge height in BregferdMeer, • 500 

Art. nth. To fupervifing, and unforefeen contingencies, at 10/. per cent. - - 350 a o 

3816 18 8 

Doncafttft Oftobcr i6, 1762. 

John Grvndy. 

J. Smbaton. 
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Wc come now to give an anfwer to the following queftion, communicated to us bjr 
Mr. Amcotts. 

“ Mr. Gollman defires to know if the Sincil Dyke and the Gowt Bridge Drains 
“ were to be fcoured out and de::pened to the depth of the new intended river below 
“ Lincoln^ with gates erected at the upper end 2 inches higher than the prefent height of 
** Brayford Head, a channel to be made from thofe places into Brayford Mser, to com- 
" municate with the Fojfdyke j the gates to be opened at the time of floods, the fooal at 
" Brayford Head to be removed, and gates or a ware to be erefted by the fide j the top 
“ of V hich to be 10 inches lower than the prefent height of Brayford Head, with a wafte 

board to be placed thereon in dry feafons ; what effeft fuch a fcheme would have on 
** the Fojfdyke navigation ?” The fcheme here propofed, in fome refpefts, is the fame 
as the fcheme propofed by us, as before fpecified, but with this clfential difference, that 
our fcheme propofes to give the navigation an addition of 10 inches conftant 

water above its loweft ftate, and a compleat drainage to the lands ; the other to keep it 
conftantly at its loweft ftate, with an imperfeft drainage of the lands. 

From the time the rains ufually fall in September or OEtober, to the running off and 
eva])orating the flood waters in May, the Fojfdyke navigation is generally as compleat as 
can be wiflied for j but were the flood waters run off by the propofed gates as they come 
down, the Fojfdyke would never be above its loweft gauge, except at die top of high 
floods ; which, as they would be uncertain, would be of little ufe to the navigation : for 
as Brayford is propofed to be reduced 10 inches, except in dry feafons, this would 
conftantly run off the common current waters ; and perhaps often more than that after 
4he gates had been drawn, fo that at thofe times the F^dyke would be reduced to a lower 
ftate than it ever can be at prelent, all which in confoquence would be a great detriment 
thertto 1 befides, no man as a navigator woidd chufe to fubjeft his water to the mercy 
or rnifconJuJft of others, or the want of neceffary repairs of gates, ftanches, or other 
works^ without any profpeft or probability of any advantage arifing therefrom. 

And with refpeft to drainage, the fcheme propofed by the.aforeJaid queftion fs ex- 
trcnnely imperfi^, almoft all the requifites for a compleat one being omitted, that is to 
fay, the nocefliury ipibanking of the rivers, &c. to keep out the flood and barrier waters, 
and the proper means of ewrying off the downfall and foakage to a furface fufficiently 
below the foil of the lands to be drained ■, for nothing more is thereby prt^ofed towards 
aepomplilhing thefc great ends, than forming ftakes to cafe the flood waters, (which is 
as fully and amply provided for in our fcheme as in this) but very far from totally re- 
moving 
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moving their efFed upon the low lands in queftion ; fo that, after the execution of fuch a 
plan, the low grounds of Boaibamy Skellingtborpey Saxelbyy Lincolriy Burton, Carlton, &c* 
would yet be liable to be overflowed in all wet feafons, and in dry ones the propofal 
itfelf points out no advantage in drainage. 

John Grundy. 

Doncajier, 06 t, i6, 1762. J. Smeaton. 


Concerning the drainage of the low grounds of Torkfcy and Fenton, which 

drain by Horkjey Bridge Sluice. 

A S the drains of thofc grounds have no communication with the Fcjfdykc, till below 
iT srh/ey Lock, their out-faJi is in efFc£t into the Trent, and therefore it is of no con- 
cernment to them what the height of the Fojfdyke furfacc is between Torkjey and 
Lincoln. 

T orkjey Bridge Sluice (the out-let) lays on the fouth fide of the Fojfdyke, and alfo the 
drain leading thereto, which extends caftward about a furlong, and there divides, one 
branch turning to the right through Fenton Moor, the other to the left through Torkjcy 
lov/ grounds, which laying on die north fide of the Fojfdyke, communicates by means 
of a fubterraneous tunnel or fox, each drain having a feparate fiuice near the point uf 
partition, which fhuts reciprocally in cafe either water Ihould over-ride the other. JEach 
of -thefe drains receives the down-fall waters from an extenfive traft of country, andm 
copfequence, in times of great rains, when the Trent is fo full as to keq) fliut the doors 
aiTorkfey Bridge Sluice, thofe wateis overflow their refoeflive drains, and confequently 
the ioweft lands near their out-fall, and if the rains are violent and lafting, and the Trent 
eon^inucs high, as it fometjmes does for weeks together, the waters, all this wWle ac- 
curriulating within, rife to a great bulk and height. As therefore the caufe muft always 
remain, the eJ8ej5l will do fo too} the only thing that can be done, in the prefent 6afe, is 
to give the water a pdlTage fuflkiently free, that whenever the Trent becomes lower than 
the waters" within, they' may rtin off as loon as may be. Thole ou»ht to be the viewi 5 of 
them who undeitkke the drainage of thofe trails of land. Tji^ o^Jiy ,fli;|c|ilioa tha| re- 
lates to the Fojfdyke is, whether the proprietors thereof have made provifion for dif- 
'.'i charging 
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charging thofe waters as amply as the proprietors of lands have made for thcmfelves 
to bring the water thither *. 

The fluice at Torkfey Bridge, and the fox under the Feffdyhe, are works conftrufted by 
the undertakers of the Fcjfdyke j the fluice at the tail of Fenton Drain, and that at the 
tail of Torhjey Drain, leading into the fox, are old. works conftrufted by the land owners 
to ferve their own occafions. The fluice at Tor^(y Bridge confifts of one arch or tun 
of 7 feet wide, which having a fl:aple-poft of i foot wide in the middle, forms it into 
a apertures of 3 feet wide each, which are fliut by two falling doors ; the floor of this 
fluice lays lower than Fenton Sluice by i foot 9 inches, lower than the fluice entering 
the fox by i foot, and lower than tlie loweft lands to be drained thereby 2 feet 
1 inch. The width of Fenton Sluice is 2 feet 11 inches; the fluice leading to 
the fox confifts of two doors, which are 2 feet i inch wide each. The width 
of the fox is 2 feet lo inches by 2 feet high, and the entry thereof lays 8 inches 
lower than the threfliold of the fluice adjoining. ift. The quettion is therefore, 
whether Torkjey Bridge Sluice is equal to the capacity of Fenton and ^orkjey Fox Sluice 
taken together, in point of difeharging water; and, 2d, whether the capacity of 
the fox is equal to the capacity of the fluice leading thereto. Having fubjeifted this mat- 
ter to calculation, we find that at a mean height of the flood waters upon Torkjey (which 
is the loweft lands) that Torkfey Bridge Sluice will run more water than Torkfey Fox Sluice 
and Fenton Sluice put together, by above 200 cube feet in a minute, which arifes from 
its laying fo much lower ; but that, in the like cafe, the fox will not run fo much water as 
the fluice adjoining thereto ; but that if another equal tunnel is thereto added, that the 
capacity of the two will exceed the capacity of the faid fluice by above 500 cube feet 
in a minute. We therefore recommend it to the Foffdyke proprietors to add another fox 
of equal capacity, or to double the capacity of the prefent; but as we are of opinion 
the foundation of the grievance does not fo much confift in want of capacity in the fox 
to difeharge the water, as in the fluice itfelf to run it off, low enough, we are of opinion, 
that at the fame time the capacity of the fox is enlarged, that the land owners fhould 
lay the threfhold of this fluice as low as the out-fall fluice at the bridge, and that the 
entry into the fox fhould be made conformable thereto. In this cafe, the mean capacity 

• In conftruAing works by afi of Pariiainent, if ample pravifioo is made for the prefervation of private 
property, to die f atis fi ^ U on of the proprietors at tlw time, that if afterwards thofe proprietors extend their 
views in order to improve their property, that the public undertakers at their own expence to make all fuch 
aiteiatioDs in their woricrthat the lai;d-owers1hcnld think fit ; if this was the cafe, a public undertaker would 
never know wheia he had'dtte. 


for 
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for dilcharging water will not only be doubled, but with the advantage of running it i 
foot lower than at prefent, which will be above 2 feet lower than the lowed: lands that 
drain thereby. 

N. B. It muft, however, be confidered, that it is but lately that a new tunnel of z 
feet wide at Harrow Head Bridge has been added the whole capacity of that bridge was 
before that time only one tunnel of 2 feet 2 inches wide, the paved floor whereof lays at 
leaft fix inches higher than the fluice at the foxj and as the bulk of the water that comes 
to that fluice comes through this bridge, it muft be acknowledged that the capacity of 
the fox to difeharge water at the time it was made was fuperior to the capacity of this 
bridge to let down the water to it. 

The meeting of the Torl^ey and Fenton waters, in a diredtion nearly oppofite, is a ma- 
nifeft incongruity j but as the place of meeting is pretty deep, and wider than the reft, 
it forms in fome meafure a refervoir common to both, and, if perfcdtly fo, it would fignify 
little in what direftion the water comes in j but as it appears to us, that as the land drains 
and fluice lay lower on the ForkJej than on the Fenton fides, that the Fenton waters will 
generally over-ride the F orkfey : this will deferve a remedy th^t will alfo cure the other 
defect at the fame time. We therefore propofe that a new tun of 4 feet wide and 
3 feet high, with one door, to be added to the prefent fluice at Forkfey Bridge^ on the 
fouth fide thereof, and making a partition between the old and nc’w tuns, and to bring 
the prefent common drain in an oblique diredtion to the new tun, and to carry a new 
drain from behind the faid partition, from the old fluice to the tail of the fox, ftopping 
the prefent communication near Fenton Sluice •, by thefe means the waters will be kej)t 
quite feparate, which will be a great improvement ,to the prefent drainage of the low 
grounds under confideration.; and as it will lay the foundation for compl^ating the 
drainage thereof, as far as nature will allow, in our opinion, the land owners ought to be 
at part of the expence of the aforefaid new fluice and drain. An obviou? miftake has 
alfo been committed in turning the tail drain leading from ForJ^ey Bridge Sluice into Fo/j, 
below the lock, at a fquare elbow but if it be confidered, that this dralq, being wider 
than the clear water-way of the fluice by three feet, and deeper than the floor thereoi^ 
the velocity of the wat<^ is fo much lefs on account of a greater capaciQr, that the ill 
effed of this inconfiftency is not, in reality, fo great in the prefent cafe as it may ffeem j 
however, as this drain muft be widened near the fluice, on account of the hew tun, 
to give a freer paflage tP* the, water, and to remedy this defed both at once, we advife 
the turn of the faid dnun, to be mivle by a quarter round inftead, pf a Iquafe eli>ow. 
j , I ‘ John 'Grunuy. 

Doncafttfi OAober 16, 1762. J. Smeaton. 
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To the gentlemen airembled at a general meeting on the ad day of Sep- 
tember, 1782, fir>r confidering of a plan of improvement of the na- 
vigation of the river Fojpiykit and for improving the drainage of the 
lands on each fide the faid river. 

Gentlemen, 

SINCE my arrival at Uncoln on Thurfday evening laft, (as defired by Mr. Lyon) 
1 have diligently employ cdmyfelf, in conjiinftion with Mr. Carlton, and Mr. Pi l 1. e y, 
agent for Mr. Ellison, who were appointed to conduft me, in reviewing the different 
parts of the extenfive feheme of drainage and navigation, that was formed by Mr. 
Grcndy and myfelf in the year 1762, in order to prepare myfclf to affiftyou, gentle- 
men, in the reconfideration thereof. 

It is a fubjeft indeed fo extenfive, that the tlnie has been fully employed in going 
over fome of the mofi material and leading parts thereof, and it will necefiarfly take a 
further length of dme to enter into that accurate and digefted confideration that it had 
from Mr. Grundy and myfclf at the time abovementioned, being now 20 years ago. 
But, as lipon this revifaJ, I find a very firiking difference in the fituation of the leading 
Clrcumftances attending this bufinefs, I think it neceffary to lay thofe open to your con- 
fideration, becaule, unlefs fome means are found, hy which the impediments, that 
fince that time have been placed in the way, can either be removed or avoided, it feems 
fniidefs to enter into any feheme for the general drainage of the low grounds weft of XJn- 
eet ^ ; fbir it does not appear to me, that as things now ftand, any fuch material impr6ve- 
ment can be made therein, as fhall be likely to anfwer the bolt of doing it. 

When the feheme of 1762 was under confideration, the Witham navigation aA from 
IMcntn to Boften was then fubfUtlng, with a claufe therein, that no ItaUnch or land-door 
Ihould be drived JVafi^frberOHgh Ferry and Lincoln ISgJ) Bridge^ which fhould 

dot be at leall 2 feet belost the lowelt grounds in Canwiik ln^s, by reference to fhe' 
a& will nkirdi fully appear. At prefent, T find a Wk and a ftaiinch below the lowef 
mouth of W’fall of Sindl t)yke, which by the former Ibhefhe was to be the out-fall of 
^e dram^ waters of . the l^s v^fi of IJntoht ihto the river Wilhaitty the top of the 
gates ot doors of which ftauncH is higher thah the' fht^ce of 'Idle faid IbWeft grounds of 
Cmmei tind confet^ently they are, as It appeits to fti€y M ' a feet higher than' 
>. according 



[ 73 ] 

according to the faid claufe they ought to bcy (the doors or gates of the lock being Hill 
highn*) and the top of the gates or doors of the faid ftaunch 'being full as high as Bray- 
ford Head m&’wx 1762. The fall for the drainage waters from Bn^ford Meer to the 
lower mouth of Sincil Dyke is now taken away and loft> the water being now fo near upon 
a level at the two faid points^ as to be totally infufficient towards any material improve^ 
ment in point of drainage. 

In order, therefore, to recover the fall for the propofed drainage waters that then fub- 
fifted, it appears to me abfolutcly neceflary, either to remove the faid ftaunch, whereby 
the waters may have their natural defcent in its ancient courfe through the city of Lin- 
coln, or to carry the out-fall drain fo far below the limits of the Sincil Dyke as to pafs 
through fome part of Canwick Ings, and fall into the prelcnt courfe of the river fFitbam 
below the faid lock and ftaunch •, that is, where the fame, on mature confideration, lhall 
be deemed the moft eligible. 

The latter way appears to me at prefent preferable, not only as it would not interfere 
with the prefent navigation, but the drainage waters would be left liable to be over-rode 
by the living waters of the JVitham, 

1 am. Gentlemen, 

Yow moft humble fervant, 

Uncoln, September 2, 1782, J. Smeatok. 
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To tlw Gentlcmcft tliat attended a general meeting on the 2d day of Sep- 
tember, 17S2, aft the Rein Deer at Lincoln^ for conlidcring of a plan 
of improvement of the navigation of the river FoJ'dyfke, and for im- 
proving the drainage of the lands on each fide of the fitid river. 

• The REPORT of John Smeaton; Engineer, upon the improvement 
of the navigation the river Fojdyket and for improving the drainage 
of the Idw lands on each fide of the faid river. 

TN tke year 176*, Mr. GiivN»y and xnyftlf were employed by Mr. Ellison to 
^ form aichenw for the. impfovement of the Foplyke navigadon, and at tlic fame time 
to improve the drainage of the low grounds weft of Lincoln ^ vdiich bufineft we ac- 
quitted omfelvcs by our joint report, dated the 1 6th of Odtober of riiat year j con- 
trarkty of t^ikibn .among the panties iatnefted at th^c time prevented the execution of 
the fobetne then prdpofed. . 

In Auguft laft I was invited to reconfider the faid ftheme, and to aflift the gentlemen 
interefted in this bufinefs m forming foch a one, as at this time Ihould be ufeful and 
agreeable to all partiosi and «o Attend aheir public meeting at Lincoln for that purpofe 
upon the ad of September laft, which accordingly I did. 

i 

On reviewing the fubjed previous to this meeting, I peredved that upon fi^pofition 
of the belt poflible drainage, compatible with the improvement and even Juififtence of 
the Foffdyke navigadon, that the fcheme then propofed appeared now to me to be very 
complete upon the circumftances and fituation in which things then were j but that at 
prefoot, the cafe is fo very much altered, that the very ground and foundadon upon 
vduch we built the principal merit of ^c.&heme, lb far as it related todrdnage, i& 
now fubvectied} for the ultimate drainage of all the grounds in queftion being into 
BrafjStrd Metrt and as at that dme there fubfifted a fall in dry feafons in fiHnmer from 
Bn^fird Muk^ through the city of Lincoln, to tliat part of the river JVitham where the 
tail of Smad ILyh fidls into it, of 14 inches, and a furdier fall then of 5I inches more to- 
SUtmp End, and which was ftiS greater down to the point where Bailey's Sluice Drain foils, 
into the fome, it appeared to us, that^he addition of this foil to the low grounds that then, 
dnunejFloto BregFori Mttr, when judicioufly managed, would make the drains thereof 
yoij. eoo^picac, Nor were ^Aere at foat dme any reafoo to fear the lofo of this iUl, but 
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rathef an expe£btbo of gaining more f fur tlio\xgh the aft of parliament (ot draining the 
lands, and making or improving the navigation from Lincoln IRgb Bridge to Bcjian^ had 
dieii pallM { yet as the advantages that iraght in future pofllbly revolt 6om tins to 
the city of Idftcoln, and low grounds weft t'lereof, were guarded by a claufe, enafttng 
that no ftaunch or land door Ihould be ercfted between Wajtm^orott^ Ferry and Lin- 
coln FRgh Bridge^ vhidi ihould not be at leaft i feet lower than the loweft grounds in 
Canwick Ings^ there could then, in regard to this fall, be no apprehcnfion of difficulty ; 
but contrary thereto, on this view I found a lock below Stamp Endy now called Lincoln 
Lock, accompanied with a ftaunch, erefted acrofs the river Witbam, abreaft of the faid 
lock, and coniequently below the tail or out-iall of SincB D/h, into the &id river j die 
top of the faid ckxM’s of vdiich ftaunch was not only higher than the medium iurface of 
the loweft grounds in Canwick IngSy and therefore full 2 feet higher dian according to 
the faid clauie they ought to be, but alio higher than the natural ftaunch of Brayford 
Jkad was in the year 1762, and occafioned a pen of the water in Brayford Meety higher 
by inch than it was at that period : in coniequence, as in this ftate of dungs Bray- 
ford Meer is rather higher than lower than it was, and the f^l that might have been re> 
quired totally t^en . away and deftroyed, it follows, as things now are, ( Brayford. Meer 
being ftill the ultimate out-faU of the drainage of all the lands in queftion) that no ma- 
cerial improtemoit can be made therein. 

Thefe confluences I did mylelf the honour of laying before the gentlemen aflbnbled 
at the meeting of the 2d of September laft, and withal obf^ed, that unle& either Urn- 
coin Lock and Stauneby as it now ftands, can be ronoved, cv d ne\v out-fi^ jirdcured 
for SincilDykxy fb as to fall into die Witbam below the faid ftaunch, it will be to no por> 
pofe to think of any fehemes of drainage dwK will be likdy tb be attend^ widi bendk 
equal to the expence. 

Thefe matters bang fully confidered by the gentlemen prefent» and feeing difficulries 
in eithet way, and it being die general fenfe of the meeriflg, diat it would be a con- 
fiderable hnprovement to their lowi grounds, if th^ could itebre early in the fpnng be- 
cleared and ridded of their water, without deftroyifig the navig;aden throQgh£ni:cefh,I then 
obferved, dot on ftippofition UncobeStaamb md Lack was MItaived fttll hijgher up dte 
ftream from its prefent place, above the tail of Sincil Dykcy I did not doubt but to be- 
able to draw up a fcheme tliat would not only preferve, but greatly improve the na- 
rl^idon through Lincelu, greatly bdieftt ti^ drainage Of the lands without' imbank- 
maoti iq>on the'ITt/hun, bat alfa give evciy competcnc improvement to &e 
R«yi§^tQn»' and that by expediena to which 1 could not fee any rbafonable otgeftioo. ^ 

L ‘2 This 
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Thi$ fchcme^ after fully and deliberately confidcring, 1 now beg leave to propoft. 

‘ ' I 

The lands at prefent under confideration arc the general refervoir of the waters that 
in great floods are brought down by the river WUham from the upland country, through 
a courfe of above 46 'miles, the paflages for which through Uncobty relative to the fall 
it has, are at prefent fo very inade(]uate to the difeharge of this water as faft it comes, 
that it extends over a vaft tract of ground of many miles fquare. 

; In the year 1762 it was known to have rofe above its liimmer drainage height about 
4 feet perpendicular, but ^upon this view this water, from marks that were Ihewn me, 
its height had been more than 5 feet 9 inches above the former mark, which fliews 
Uiat the banks neceflTary to reftrain and carry off fo great a body of water as faft as it 
comes would be required of fuch heighth and ftrength, that I am of opinion (with the 
land owners) it would be not only very difficult and very expenfivc to confine, but 
be matter of obje6tion to the drainage of the lands upon the IVitbam below Lincoln. 

, In a dry feafon the lands in queftion become complcatly drained by the prefent outlets, 
but as the ultimate level 'of Bray ford Meer^ at which the frclh waters of the Witbam can 
be difcliarged, is but a few inches lower than the loweft grounds propofed to be dnuned, 
when the top waters are fo much run off, as that the drainage is almofl: compleated, the 
quantity capable of being then difeharged but fo little exceeds the influx of the Witbam 
from the higher country, that was it not ffir the joint adtion of the fun and winds, the 
furface of thefe lowed; tra^ would never become dry, fo as to be capable of any good 
produce of vegetation.; hut if when the top waters are run. offi and the whole furface 
reduced to the levd^f the prefent n^ral banks of .the river and aquedufts, a difeharge 
is provided, that now cannot run for want of level or fall, a very moderate difeharge 
(that would fignify but little in relpeft to the running off of the top waters) continuing to 
operate by idelf fepvalely, and independently of the river Witbamt and appropriated 
wholly to t^e dlfchvge of Aach internal waters as are left behind, after the flood waters 
are reduced witfafh ^ir natural banks; 1 lay, fuch. internal dead waters would very 
fpeediiy be difeharged wJien all cpimtnunication with the living waters were cut offi, 
thou^ this new and feparate diichlU'ge.was not above half as much as the cuttent of thb' 
river in dry feafons. « ' 

It is obvious, that a mecr remoxi^ isS Uncoln Lock's ftaunch would not fully efife^ 
■ihjU , ^.ufinie&, even though Bre^ford Head 'mi fully cleared, and the channd deepened^ 
through I^obf^ j^ecaufe ^ Wishm water would be obliged to pafs ^throughitiie 

fame 
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fame channel j that is, it would pafs through the preferable channel, in point of fall, 
while in common, and therefore would interfere with and. over-ride the drainage waters 
at the very pinch when the drainage was wanted to be compleated. 

Furthermore, if the Foffdyke navigation was fupplied widi water by an ?.quedu£i from 
an higher part of the river Withatiti independent of Brayfcrd Meer, and the out-lcts of 
qll fuch grounds as drain into Foffdyke caft of Saxelby^ or into Brayford Mecr., banked 
off, (making Foffdyke itfelf a means of difeharging the top waters when fhe v/hole coun- 
try is ovcr-preflld) tlien Bre^ford Meet may remain at its prefent height, and all impe- 
diments be removed between Brayford Meer and the firft lock towards Bojiait as low as 
to the floor cf the water-way under Lincoln High Bridge, which would render the navi- 
gation through Lincoln much preferable to what k now is, as there would be 2 feet 
depth of water at flich times and places where now there is no more than one. 


THE SCHEME. 

I ft. To remove the lock called Lincoln Lock and its ftaunch, from its prefent place 
below Stamp End, to above the tail of Stncil Dyke, where there is a commodious open- 
ing to leceive it, as will appear from a (ketch of the manner in which it may be 
placed. 

2d. To deepen that part of the river Witbam that lays between the prefent p)ace of 
the ftaunch, and the place where it is now recommended, fo as to make it paflable for 
any boats that can now come up to Lincoln Lock, and which will not require a deepen- 
ing of above half a foot at a medium. 

3d. To fcour out Sincil Dyke to as great a width as it has ever originally been, from 
its tail or out-fall into the Witbam, to the tail of the great Govot Drain, bringing up its 
bottom upon the fame dead level with the bottom preferibed in the laft article, *as ne- 
ceflary for navigation, and to as great a width as it will carry, after allowance of fulR- 
cient dopes. 

4th. To dyke and fcour out the great Gowt Drain to the ^catefl Avidth it will bear, 
and ftill bring ujp the bottom upon the fame dead level as preferibed for Sincil Dyhe\ but 
in'ftead of opening a coiiimuilication with the river U^tbam, to continue the faid drain 
under the river by means of an uhder-gfoUnd tunnel four feet vndc an4 four’feet high clear 
watep-way, with doors pointed towards Sincil Dyke. The floor of this tunnel to be laid fd 
much deeper than the bottom of the Great Govot Drain, that the river Witbam may run in 

its 
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ijM present natural courfe abo /e its arch, and that the work of the faid wch be finilhed as 
high as that the river fVitham ir.ay pais over it without railing its lurface, in its ordinary 
or extraordinary ftate, upon a widJi of at kaft 30 feet. The weft fide wall next die low 
lands to be raifed tp a competent height to prevent the Witham'% waters, in time of 
floods, from cafeading over it ; but the height of die caft wall to be raifed only one foot 
above the Ordinary furface of the fo that when there is a fwell in die Pf'itbam 

above that height, it may cafeade over into this Gorct Draiut which will then a£^ as a 
flaker, according to its prefent intent^ and make its way by Sincil Dyke to the 

5th. To fcour out Sincil Dyhy from the tail of the Great Gewt Drain, to its upper 
mouth at the river ff^itham, yet not to make an open communication with the river ; bnt 
to prevent the river in dry times from talcing its courfe tliat way, and to give it a com> 
petent paflage through Sincil Dyke as a flaker drain, (to which ufe it has been apparently 
intended in its original formation) to conftruft a weir of 60 feet in length upon the crown, 
ranged along the eaft fide of the river Witbam, which, being immediately collcfted into 
Sincil Dyke Drain, can run no more water in high floods dian the drain will and oug^t 
to contrin ; in time of dry -frafons to be about one inch above the water’s furface of the 
liver, fo as juft to pen in all the water thereoi^ and upon a frefli rifing above that to dif- 
charge a competent quantity, upon a moderate additional height, in virtue of the length 
of its crown. 


6th. To efifr£lually fcour out the Icfler Gowt Drain, and in like manner as die entry 
4 nto Sincil Dyke, to-be ftiut off by a weir of 45 feet long in the crown, - conditioned and 
^erating as Sincil Dyke in proportion to its fizc •, but to allow for the natural fall of the 
river from Sincil Dyke to the entry of the little Gewt Drain, this weir to be gaged inch 
lower than the former. And N. B. it will be proper to give all ‘polfible freedom and 
effeft to thefe a flaker drains, becaufe the Great Gewt Drain will not now ferve this pur- 
except in floods. 


^th. A drain to be carried from the faid tunnel, at the head of the Great Gewt Drain, 
to Peel, and to paTs by or thrbug;h the fione, as ihall be found moft convenient and 
prafticable in the executtdn ; to be of i a feet bottom, with proper flopes, and ftfll car- 
ried on upon die Ijipie dead krel. From thence the drain to pafs forward upon a 10 
feet bottom to a p^er ph&n, to divide into two branches | one tendii^ towards Cuekee 
and die intortto parts of Shelbngibetfei die other towuds a proper point of the 
V4iff ID iceptye ^ BurteM and CarUen, Ibc. waters, froax Bifid's Bridge, by a fubr 
leous tpoi^ntukr die aU which jhid. dnins. are to be carried on upoii 

jhif’&ead kwd aa before preforibed# 
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8 th. A fubterraneous tunnel to be laid under the Fojtfyktf to communicate the water 
from Bijbop's Bridget of fufficimt capacity to run the drainage waters without imterial lofs 
of fall after the top waters are difcharged j but as the laying a tunnel of this kind, the 
top of whc^earch mufl; be fodeep below the common furface of Fejpfyke as to dear the 
navigation, the conftruftion of fuch a tunnel by the ordinary means-in brickwork would 
require lb much length of time as to be a great lofs of tolls to the navigation, which, 
together with the adhial expence, would lay too great a biuthen upon the fcheme I am 
propofing : I would therefore recommend the tunnel under the bottom of the navigable- 
river to be made of cad iron. This to be made in proper lengths with flanches, by 
which they can with bolts be readily joined together ; and 1 expedt that a clear iron pi}}e 
of 2 feet 6 inches diameter would be very competent to this bufioefrk but that of j feet 
would put it beyond all doubt.' 

9Ch. From this tunnel a drain Ihould (ftill upon the frme dead level botttMn) be car* 
ried to Eijbop's Bridge, and that bridge rebuilt correfpondent to fuch depth, the width of 
the drun’s bottom to be 9 feet, and the tunnel of the bridge correfpondent from thence 
the drain to be carried forward, as a private work, into Burton and Carlton lordlhips ; 
but ftill I would recommend, that whatever width may be taken for the bottom, that it 
be carried on upon the fame dead level till it comes to the pinch of that drainage, which* 
according to Mr. GnuKDV, is in South Carbon lordftup, and that the ground in the 
loweft flade there is no more than i4,\j Inches uhovt Brayford Head, as in tlje year 
1762, that is 8-fV inches Brayferd Meer, as '1 found it this year, 17825 from 

dience the main drains, as well as fide drains bottoms, may be allowed to rife at di{> 
cretion. 

loth. 1 would recommend a drain to be continued from the former, at or near Cuekoa 
Peel, ^ravt^Skelhngthorpe, by way of the low flade of the ancient courfe of the TiB, inta 
Saiee^ Pafture, till oppofite Statelby Meadow, on the north fide of the FoJJ^ke, dimi- 
nilhing from a 7 feet bottom at Cuckoo Pool, to a 5 feet bottom at the l^d point in 
Saxettff Pajhtre 5 but ftill continuing the lame dead level. 

I ith. Between Mr. ElB/on's wharf and Btayford Meet to confttuA a navigation lock> 
with gates pointed towaRh the Foffdyke, ihutting up all other communicadon. between 
F^dyke and Breyftrd Meet, except by a weir, as per next article. 

i2d). To make ab aqueduft of 10 fret bottom, to take its water at the river 
BfStiami, the . Gator dnuna^-tunhd, and to pals to tbd Fh^ke at Ibmb 

' ' convenient 



convci-ieni: phu c opj>ofitc to or weft of Mr. ElliJon\ wharf, in order to fupply the Fejf- 
dyke with water j aod, at a certain height, a weir or over-fill to be conftruded, tliat all 
rediindan: water beyond the fdpply of the Foffdyke navigation may be returned into 
Brajfci ti Mfcr, and fo ^o to Bejlon this pught to be 40 feet in length upon the crown. 

N. B. This aqueduct neccflarily interfefling the drain preferibed in the pch Article, 
i;^ to pafs it, by a continuation of tire tunnel, as an aquedudt bridge, to convey its 
water in a feparatc rafiage over tlte drain, and to be well imbanked cn each fide, fo 
that it be never overflov/ed till the country is under water. 

.13th. To make a provifionary navigable ftaunch otBrayford Head, the gates whereof 
to be gauged to the fame height that Brayford Head was in 1762, that the naviga- 
tion into and upon Bre^ford Men may not be dependant upon the ftauncli at Uncoln 
Lucky and the whole paflage cleared from Bmyford Men to Uncoln High Bridge, as 
deep as the floor of the paffage of the faid bridge ; and then if the, truftees for the na- 
vigation from Bojlon to Lincoln think proper, in like manner, to clear away to the fame 
depth eaft of the faid bridge, there will be a clear navigation from Brayford Meer to 
the fea, equivalent in all parts pafllng Uncoln to that under Uncoln High Bridge. 

N. B. In time of floods the gates of the Brayford Head ftaunch muft be fet open, 
as well as the doors of the Lincoln Lock ftaunch, for relief of the country weft of Un- 
coin, in running off tlieir top waters, as 1 am informed is very properly the prefent 
praftice ; but it fliould feem that the opening and Ihutting of thefe doors ftiould be 
within the diredtion of the magiftrates of the city of Uncoln, who, being moft central, 
will more readily be apprifed of, and fee the necellity of the country. 

14th. That for the general relief of the country weft of Uncoln, and the more fpeedily 
to get rid of their top waters, which, as before, will continue to overflow the whole 
Country in the winter leafon, it will be veiy proper to embrace Mr. Ellison’s propofi- 
tion of granting liberty for a fide weir to be conftrudted of a proper height at Tariff i fo 
dut a part of the top waters may be run that way into the Trent, when the level of the 
T rent will admit foereof, as it ofteiv^ fuch times does. This wdr, however, ftiould not be 
too low, that the Witbam fens drainers may have no reafonable comphunt of lofing water 
to keep their out-fidl cldu* j nor fliould it be too high, becaufo, if fo, it will be of licd$ 
ufe in anfwering the purpofe for wh»^ it is made ; but it Ihould be of confiderable extent 
in length upon the crown, dut when it does difeharge it may do it widi efte&. It i^pears 
to that- if it is made too ^ upon the crown, ks height inches below the 
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gauge bar of Torkfey Lock, that is about 4-| inches higlicr than the framed bar, if 
will anfwer all thefe purpofes. This would be cafily conftruded, extending loo feet 
eaftNvard from the eall end of the wharf wall, on the fouth iide of Fojfdyke ; but as its 
difoharge cannot be permicted to orer-ridc the Fenten Dram, the prcl'cht fouth bank 
of the Fojjfd^ muft be carried foh^ard from the eaft end of the weir, bewcen the weir*s 
water and the Fertton Drain, quite up to the walls of ferkfey Bridge’, and to be made 
proof, fo that the water (hall never, after pairing the weir, 6ow into the drain : and, 
furthermore, as the B’rent Hoods frequently .greatly over-ride the Frjfdyke waters, even in 
their higheft condition, it will be necefTary that the water of this weir (houid be con- 
veyed to frent by a feparate paffage, intermediate between the lock and Fet,!on Drain, 
whofe out-let muft be (hut bt* doors pointed towards the Trent, A proper capacity for 
this paiTage will be about H feet wide, and 5 feet high in the clear ; but its threlhold 
need not be laid fo low as tliat of Fenton Drain by a toot, fo that as the foundations 
may be compleaily in the dry, it will not be fo cxpenlive as fluicc-work often turns 
out to be. 

J^th. The living watery of tlte Ti/i can evidently have no other out-fail than into 
the Foffdyke. The Ft^dyke will be, by the propofed mode of fupplying it with water 
from the Wltbetm, held about to inches higher in very dry fcafons thim it formerly was j 
but if the T^, whidi haS now Ktde or no banks, was imbanked 10 inches, it would at 
all times be as competent to hold in the living waters as now, before the adjacent 
meadows were Overflowed. But let us fuppofe it imbanked 2 feet, yet as the ground is 
low on both fides, but the lowed in Saxelhy Meadow near Haddow Bridge, which then 
would not be more than a inches above that advanced hei^ of the furfoceof the Fojfdyke, 
this would necelTarily be too (mall an elevation of furface for thefe grounds ever to have 
a competent drainage i but as they are but of fmall extent, when the living watm of the 
Till ane fo imbanked from them, a very fmall tunnel, with a competent fall, would 
cfiediuaBy drain them; for this purpofe 1 would propofe to drain them by means of a 
leaden pipe of 5 inches bore, under the Fojjdyh, into the drain propofed to be carried 
on the fouth fide to Saxelby Pajiure, laying alfo a fmail common tunnel under the 
TM t<y communicate a few acres of drainage from Uaddow Meadows (which ^re the 
higher) into Bmcelly. I prefer, in this cafe, a leaden pipe, becaufe it may be lowered 
into the water, and compleated, without ever interfering with the navigation at all.* Or,' 
if better approved, thefe meadows near Haddow Bridge may drain by a communication 
acrofr the TiH as aforefaid, (but from Saxelby into Haddow) and then by way of South 
Carlton to the great iron tunnel propofed in Article 8. 

VoL r. M . OPERA- 



c aa ) 


OPERATION of the preceding fciwme, 

UPON my late view I found the pen of Lintolu Loth ta be good 143 inches, with a 
Competent fall for the current waters of the tVitham through Lincoln and the Slahr drains, 
which I eftimate at i ^ inch more, that is in the whole good 16 inches ; it is therefore 
manifed, that by the means propofed theie 16 inches will be added to the natural fall of 
the drainage-waters that they now have into Bradford Meer } and the living waters of the 
Witham will then get difeharged as they do' now, and the internal drains bebg carried 
upon dead level bottoms, and dug below level till they get to the pinch of their rc- 
fpeftive ferviccs, they will perform their drainage down to the dead level of their out- 
fall, in whicli cafo the point in South Carliony that is reported to have had but i foot 
inches elevation above Brayford Head, as it was in 176a, that is, but 85 above the level 
ofBra)ferd Meer, as I found it the 3 ift of Auguft lafl:, will then have a foil of 2 feet ^ inch 
from tlie faid furface to its out-fall ; and the low flade in the weft of Skellingtborpe, that was 
tlie fame day 6 inches above Fojfdyke, (that is above Brayford Meer) will have a fall of i foot 
10:^ inches to its out-foU, which will fully fufHce for a perfed: drainage in feafons moderately 
th y : but this being fomewhat left than what has been efteemed eorapleat„ I muft beg leave 
in this place to take notice, that formerly, when it was.notthepra£bice to dig drains below 
the dead level of the out-fall, nor to carry their bottoihs upon a dead level, but rifing 
towards the country to be drained, it was then held neceftary to have a calculation that, 
the utmoft reduction of the water within foil Ihould not be lefs than 2 feet. But the 
experience of the laft so years has informed me, that where meafures are uken to make 
the drains readily and fpeedily, (after the top waters are difeharged) reduce their water's 
furface one foot within foil vfoere it is tolerably firm, will form a very effeAual drainage, and 
in foils left firm 1 8 inches done Ipeedily will be full as effectual as an ultimate of 2 feet per- 
formed in that flow lingering manner which is the conlequence of ihallow drains, coh« 
taining no competent body of water in the bottom, to be moved ; for let the body be 
however great, gravity a^ing with equal force on every particle, the fall being the 
fame,, will pvc every particle an equal velocity, and confequently the whole. Now, as. 
1 found Saxeliy Meadow was elevated above Foffdyke 11 inches, it will, by what is pro- 
pofed, be ele^i^ed 2 feet 3 inches above its out-foll, and therefore leveral inches to; 
fpare to give its water a competent velocity through the pipe. 

Hence it is evident, that the drainage of all the low grounds will bocMnpleated'in. 
all fummer feafons, bitt will, as'lit prefent^ be fubjed to be overflowed by the great 
wincei;'s floods, but whpfe top waters will be more fpeedily run oflf by ibe difeharge 
. into 
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iolo Trtntt and by the dr^age waters running off with a good current, when at pre- 
fent they do not run at all. 

By avoithng all imbankments of the Wiibam^ and the waten allowed to fpread as at 
prefent, all opprefllon of the drainage lands eaft of Lincoln is avoided ; and in running 
off their ultimate dr^age waters of the weft country more fpeedily, the ea(h country 
will be greatly benefited, becauie they will be fooner ridded of their wellern waters 
coming upon them ; for this muft be laid down as a rule, that in like circumftances, 
the lands downward upon a Ihream can never expe£h to drain prior to thofe above them, 
and therefore the fooner the waters of thofe above are difeharged, the fooner the drainage 
of the whole will be compleated. 

The navigation call of Lincoln High Bridge will be greatly benehted, bccaufe Bradford 
Head being cleared away down to the level of the floor of IJncoln High Bridge, will give 
I foot more water than at prefent, and the like advantage would take place quite through 
IJncoln, if the Witham, eaft of the faid bridge, was fuitably cleared. 

The Bofim out -^1 will alfb receive benefit, notwithftanding that fome of the top waters 
will be difeharged into the Trmr, becaufe it can be no advantage to a country already 
opprefled with water to receive an addition ; and as the follow of the living waters will be 
continued in a more full body after the extreams are gone, the powers of fcouring will be 
continued to a period, when otherwife they would have ceafed. 

In order to ftate the advantage to the FoJdjke navigation, and its relation to tlie 
drainage of the country, it will be neceffary to afeertain fbme fixed points of level. 

In the year 1762 it was afcqtsuned by Mr. Grukdy and myfelf, that when there was 
4^ inches depth of water over Bre^ford Head, the furface was then 5^ below the top of 
the jB/ler courfe of the JJmobt ftone in die face of Mr. Ellijon'^ wharf, confequently the 
liud courfe was at that time 10 inches above the natural ftaunch of Bre^ford Head. 

On revionng the lame in the year 1782, I found 1 foot water upon BrcrjfordHead, (as 
held up by the ftaunch of Uncoln Lock below) and at that time its furface was 4 inches 
below the faud jhfier coui&, confequently the /Bfier courfe t6 inches above BrayfvrdHead, 
as it now is; that is, Bra^tri Head in 1782 was lower by 6 inches than in the year 
176a, and the furftue of the water of Bra^ord Metr was 1^ hi^wc. I would there- 
fore recomnQend that the crown of die profiofed weir to pen the water in Feffifyke, and 

M 2 ^ over 
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«vcr which tho AirpMage (ball fall Briffferd Aren't to be 5 ioch^ higher than dw 
faid coitrfe* which in faA will be all that will be gained to the Fo^j^fie •, faecaulc 
it is faid, and I fuppole may be proved by evidence, that whenthis wharf was built about 
40 years ago, die faid jSfler courfe was complcatly covered with water, that lione being 
of the reputed quality not to bear the weather. The crown of this over-fall being 
about 1 1 inches lower than the properfed weir at TorkJ^, will therefore be the gauge 
height o(thcFoJifyke navigation, whenever the flood waters do not raife the whole country 
above that level 5 and whenever that is the cafe, it will be proper to open the gates of 
the new propofed lock joining Brayford Meer^ to let the flood waters of die 7 / 7 / have a 
free vend, fo as not to be unneceflkrily accumulated upon thefe lands, that necelTarily 
drain into die 

I come now to prove laftly, diat die whole of thofe lands, that neceflarily drain into 
Fcjdyket will be beneflted by the alterations propofed j becaufe, as thofe all lay weftward 
of Saxelby, the difeharge by the weir at torifiy will have the greateft and quickeft efleft 
upon them in running off their top waters the inoft Ipeedily ; and refpefling their ultimate 
drainage, it is manifeft, that whenever the waters of the whole country is above the 
propofed gauge height of Foffdyke, that it will be the (ame thing to them, whether the 
over-fall at Brt^ford is in being or not j if, therefore, when at or under that height, 
all thefe lands have all the ultimate drainage they have, now, or can have, they can be 
no lofers in that ardcle. 

The only drain into Vojiykty that has the appearance of being in the leaft likely to be 
affected by the propofed advancement of the furface of the Fojfdyke, is Thorny Brain ; I 
mean that with a pair of doors at Brtnjey Nook. Of the circumftances of this drain I 
took particular notice, and muft infer, that in point of ultimate drainage it fully does 
its builnefs ; bccaufc if it did not, as I found the 'water of FcJJdyke juft covering the 
threlhold, and a rife of the pavement or floor, from the threlhold of the door towards 
tlte land, of between 9 and 10 inches, I conclude, if this drain did not, in its prefent 
circumftances, do its duty, this rife in the pavement, which operates as a dam, being 
taken aipray, and the bottom of the drain lowered correfpoadent thereto, it would be 
enaUed to havO run off the water lower by all this difference. 1 took a very careful 
^yel IxtwMi^ die furface of the^ater of Fojpfyke as it then was, and the top of this 
pavemnt;,^^ and found that the rife was 9^ inches in the compafs of 3 yards. 
,Thc then 4' inches below the Jifler 0oui fc at Mr. Elllfon's whaif, if rdfed 

« iBC$eCf^ve it, tWs would make 9 inches ; thV is, the furface of Fojfdyfte would 
be ftifl a Quarter of an' inch below the paving, and if even with fhe 'top wotild 
• . ■ ' be 
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be no impediment to any water flowing over it, for water could not flpw oyer 
it without having fonne thicknels, or depth upon it > and if it was 2 inches deep, 
it would have an immediate fall of 2 inches mto FoJfdykCf by which it wx)uld be delivered 
as fully, freely, and uninterruptedly, as if it had a pit to fall into from the top of the 
pavement, of 100 yards deep j and in faff, as the drain’s bottom (which 1 purlued about 
half a mile) feemed to lay nearly on a level with the top of the paved floor above men- 
tioned, and was greatly trod and poached by the feet of cattle that made their paiTage 
along it, to eat the grafs upon its fides, the condition of it is fuch, that if the FoJjdykey 
inftead of being raifed 9 inches above the level it then had, was railed 1 5 inches, I would 
engage, if neceflary, to make it run off its water lower at half a mile dillance after that, 
by digging it as deep as the threfliold of the fluice, than it can do at its prefent depth 
and condition, though the Fojic^ke was totally emptied of water. It will therefore 
clearly appear, that the difference of an inch or two that may occaflonally be made by 
the thicknefs of the fheet of water going over the over-fall at $rayford (or even if 
* it was 6) will make no fenfible difference in the effeft of the operation of this drain, to 
which the more quick running off the top waters being the only thing dcfirable. 

Jujlborpcy December 31, 1782. J. Smeaton. 

PROBABLE ESTIMATES of the expence of the above works. 

ift. For fuch works of drainage as would be neceffary in cafe the Fojfdyke navigation 

was to remain in its prefent flate. 

To removing Linctlu ioci aad Stauuib above Siudl Dyh^ deepeniiig the channel where £. /. d. 

neceflary up to the lame, and making good the wliaarfii, fay - • • aoo o o 

To fcouring out and deepening Sincil Dyke from iu tail to the tail of the Great Gewt Draiat 

and from thence the Ge-wr to the - • - - i^aOQ 

'fhe contingcnce of nnder-puming the two bridges upon the Crest Gevitp - ao o o 

To miking die fubtenaneotts tunnel under the • > * - 15000 

To fcouring out the Ld/irGswt Drain, and rem.iiaJcr of the W ««7 Dyke to the Wiiham, 33 o o 

To weirs at the head of each, - - - - - -30 00 

To the drain; leading from the fidsterrwaeoRs temnel to the paint, of depactvn. oiT the two 
drains, according to Article 7th, being 400 roods, at 91. 6 ... igo o o 

To three lengths of iron pipes, 3 feet diamefter, for the grand fabteiianeoas tannel croffii^ 

Fejfdyke, weight 5 tons 15 cwt. ot idl. - • * - ■ - 9* 0 o 

To bolu, jointing and laying, - * ■ ■ » - - ^ Vo 0 o 

To brickwork at the two ends, - - - - « - . . , .ao' o of 

To taking oflf the water and pumping, - - - - - 2500 

Curried over 942 o ' o 
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if* 

Brought ovef 94Z o o 

To continuing tlie drain from the faid point of departure in Skellingthorpet through the iron 
tunnel to Bifiop^s Bridgtf being 332 rodsj at 8/. • « - • 135 o ' o 

To rebuilding • . - • *10 00^ 

To continuing the drain from the iaid point into ikdlingth^rpe, upon a 9 feet bottom^ to die 
point K» being 410 rods, at 8/. - *- - . • 164 o o 

To continuing the faid drain from the point K to the weft boundary of ShlUngthorptf 333 
rods, at 6/. - - - - - - - - - 100 o o 

iC- > 3+9 o o 

To 10 per cent, contingencies upon the above articles, - - 135 0 o 

£. 1484 o o 

N. B. As I Aippofe the truftees of the Bojhn navigation muft be conTidered as ag- 
greflbrs, the removal of the lock and ftaunch Ihould be at their expence. 

ESTIMATE of fijch works as will be necelTary for the improvement of the Fojdyke 

navigation upon the plan propofed. 

To building a new lock between F^Jyk$ and Brwffwd Mar, digging and £, r. 

pumping • . joo o o 

To additional Work at, the Wiibam tunnel, to make it (erve as an aquedoft 
bridge over the drmn, and to receive a gate for regulating the water, 120 o o 

To catting the aqueduA from the faid tunnel to the F^dyku for carrying 
the water for navigation, being 240 rods, and fecurely banking the fame, 
at 12/. - - - . - . . o o 

To two communication bridges over the fame, if of brick, 20/. each, 40 o o 

To making an over*ftdI from into of brick or ftone, 100 o o 

To making a ftaunch at /fro/, • ‘ - 150 o o 

To deepcnii^ and fcourmg from Brtrpfrrd Mar to Lincoln High Bridge, 2500 

1079 o o 

The foUowii^ woiks 1 look upoo as coadngent upon the rife of the water in Fojdyke^ 

To ctnjmg forward a draio for tke waft boonderof syUt^hrft through 
tha tanettf S»xdfy fiftiertt and bf aleade? {dpeaciwfi into Saxtlif and 
IfbdbhwMMdnw, 1,1^ 256 rodt, at 5/. > • • 64 o o 

Ibakadeapipe lacwt ra i/. lA • • • 13 o 0 


Carried over 77 o e 
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To fol<ler» labour, laying, and fixing, «... 

To bricktvork at each end, with proper gratei to (hot and hinder it from 
ckoaking and running at improper times, ... 

To banking upon the Till up to its divifion, length SB rods on each fide, at 
2/. 6 i/. per rod, . - . . - 

To a tunnel acrofs the TV//, wood and laying, . . . 


CA ^ 

Brought over 77 o 
S 0 


10 


22 

2 


0 

O 


o 

a 


116^ 


To 10 per cent, contingencies upon the above articles. 


£. 1195 o o 

tzo O 0 


£. 1315 o o 


The making the weir at Torkfiy^ being advantageous not only to all the lands in 
queftion, but to the navigation^ by more readily freeing the fame from extreams of 
water* and alfo by quieting the apprehenfions that the land-owners might entertain from 
the rife of the furface of Fojfdyke in dry feafons*. it feems to me fhould be done at a joint 
expence. 

To making the weir, walling,, paving, and fecuring the channel for carrying oiT the* 
water, imbanking between the faid channel and Fenton Drain, making the tunnel through 


the road, and poindng doors towards the Trent, canaot lay at lefs than 

- • 500 

0 

0 

Contingencies upon it at 10 per cent. • • 

50 

0 

0 


L ' 5 5.0 

0 

0 

ABSTRACT. 





iff- 

/. 
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General drainage feheme. 

• 1484 

0 

0 

Folf^ke navigation, 

“ 131S 

0. 

Q 

TorkJ ^ Weir and accompanyments. 

550 

0 

0 


Tottd. 3349 

0 

0 

December 31* 1782. 

J. Smeaton 
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IIOLDERNESS LEVELS, 

REPOPvT of Smraton, annexed to a RepcJrt and Eftimate of 

Mr. Grundy’s, co.icerning the Drainage of HolJernefs Levels. 

T^AVING carefully pcrufed the foregoing obfervations, and alfb compared them wilt 
my own taken upon the place in the month of November laft, and finding no 
dilFerence between them that can any wiys affeft the prafticability of the propofad 
drainage, or the general fcheme to be made ufc of for that purpofe ; and having allb 
confideretl the caufes afllgned by Mr. Grundy for the drowning of this level, and tfie 
expedients to be made ufc for the remedy of the fame, I entirely concur with him in 
evety eflential point. But as a number of adverfe accidents have prevented us from 
meeting upon this bufinefs, according to the defire of the proprietors, which has pre- 
vented our comparing our ideas together j and as mens ideas often vary in particulars 
though they agree in general and material points ; and as I find that fomc things have 
ftnjck me in fomewhat a different light to what they have done Mr. Grundy, I think it 
my duty to point out the fame, not fo much by way of correflion of what he has propofed, 
as by way of fupplement, 

ift. In regard to the Out-fall dough, Marjleet muft ftrike every one, at firft fight, as 
being the moft eligible place j and, was there any want of fall, woifld certainly be fo ; 
but as there appears an ample fufficiency of fall into the river Hull at the Sugar -Ihufe 
clougii, it’s being fo much above low water in the river Humber^ allows it to run fo 
much the longer $ and if Idd nearer low water mark (without which it could have no 
preference upon the Humber) it would be more difficult to maintain a channel from the 
dough to low water mark ; and the Ihore being flat and muddy, and the water ebbing 
out a great way, the fea-doors would be more liable to be fitted up in dry fcafbns. 1 
can therefbne hardly ttfl how to give the preference to Marjleet. ' 

1 

adly. Wan the eaftern main drain, inftead of going tound by GeU Dyke Stoek, to be 
conduced from OUfVilliams at b, through For^key to about the midway between Ferdyke 
Bridge and Fojfam Style j and there making an obtufe angle, to meet the eaftern drain, 
about the point VJ. and then to pi ocec d togdftet in a light line to D, tlie courfe of the 
main drain would be Ihortened near upon a mile, which, according to the laws of 
drainage, is eligible, in caie other circumftances of greater weight do not counteraft j 
and then the courfe of the drainage>«f Sutteg Cart$ . Sx, which would be north, would 
be more natural i ibr, acemding to my infbrmadm, thole carrs are deeper about the 

fillings. 
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fillings, and Chejier HoUt than near Geld Dyke Stock. The lands on the fi>uth of Gold 
J^ke Stock could drain as at prefent. 

3dly. In cafe any objection is raifed by the proprietor of Tf^agben, now under drainage 
by engines (which if this feheme takes place will be unnecelTary) the caftern drain may 
be brought from the angle between K and Z., in kVeel Carry through the main drain, 
under Mieux Bridge j and turning S. E. near Lamher Coat Bridge y to fall into the 
caftern drun, in a proper direftion, between h and c ; and though this courfe would be 
near two miles longer than the caftern one already marked out, and therefore lefs eligible, 
yet as there is fall enough, 1 propofe it as a prafticable feheme in cafe of difficulties. 

4thly. I apprehend a fluice of lefs dimenfions than 24 feet water-way, would drain 
thefe levels, when the banks againft the river Hull are made tight and firm ; as it feems 
to me that country clew would be almoft fufficient, was it placed where there w'as a 
proper fall ; however, I would advife nothing lefs than two tuns of 18 or 20 feet, but 
dimenfions, in this cafe, if an error, is one on the right fide. 

5thly. The places of the prefent doughs are very proper for tunnels for taking in 
water from the river in dry feafons » but, as I cannot fuppofe, after the above works' 
are executed, that they will ever run, I cannot think them worth maintaining in their 
prefent form. The prefent extraordinary inundation, I fuppofe, to be principally 
owing to the badnefs of the banks agdnft the river Hully which allow a confiderable 
part of it’s contents to be difeharged upc^n this level. 

6thly. In regard to the eftimates, the fhortnefs of the time that accidents have 
albwed me for thefe remarks, puts it out of my power to enter into them particularly 
but well knowing Mr. Grundy’s corrednefs and alfiduity in thofe matters, I have 
only to obferve, that, though I think he has allowed a fufficiency of dimenfio|is, I 
fhould be glad he would reconfider whether the price allowed for the fpade-work will 
be fufficient alfo. On this account, I would count the fum of £ 10652, exclufive of 
the articles of furveying, planning, fehemes, eftimates, fupervifing and other contin- 
gencies, and procuring the ad. 

AuftborfCy lath January, 1764. ■ " Smeaton. 
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EXAMINATION of Mr. Grundy’s plan for a &a fluice for the drainage 
of Hdderrufi Levels, by John Smeatok. 

general defign and idea of this fluice I much approve ; but as I think it 
may be made ftronger with the lame expence* 1 therefore fubmit the following 
remarks to Mr. Grundy’s confideration. 

ili. The fluice pit is direfted to be dug 3 feet below low water mark* and the floor 
•to be laid i foot below ditto. 

Ft. In. 

Thicknefs of the mud fells - - 10 

The gfotind fells being let down thereon* 1 fuppofe a inches* will rife o 10 

Thicknefs of the plank - -- -- -- -03 

The pointings being let into the floor* 1 fuppofe 1 inch* rifes - - 11 

Total rife above mud fells pile heads* ----- 3 2 

Quere* Does Mr. Grundy propofe letting the mud fells into the bottom 14 inches ? 
if fo, it ihotdd be more clearly exprefled j as I fuppofe it is the fecond floor* or top 
of the thrclhold, that is to be i foot under low water. 

adly. It is propofed to pile die mud fells at every 6 fm* fo that every other ground 
fell will bear hollow upon the mtkl fell* wluch I fuppofe is intended for it’s principal 
bearing i and every groimd fell, being piled in the intermediate fpaces* will have a 
fuperior bearing to that vdicrc the walls ftand j I would* therefore* propofe to pile the 
mud fells under the interfeftion of every ground fell* and omit the intermediate piles* 
or do them mly with flabs ffriked againft the ground fells* ‘ after Irid j but this* in my* 
opinion* is unneceflary but 1 woidd add |Hles under every groimd fell anfwerable to 
the faces of the pier, for die length of the part diat at prefent bears hollow, and on 
one row of piles, at 6 feet diftanceS only ; this middle row under the pier, for the 
arches lei^ih, ! would fUll condhue at 6 feet diftances. In dii's way, mud felts of 
12x6 will do as well as la x 12* and the timber faved may* if thought necefiary* 
be employed in flab pihng the intermediate fpaces. 

3dl7. The prqjefdon €>( the floor beyond the walls, I think not only an ufelels 
expence* but pe^udicMl in eflied* becaufe the back fide of the wall bears hollow*, and 
not ixnmc(fiately «{|pa the pile beads j ’ris true* a wall of this fiart is not inclined to 
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^ backwards, but if the ground Ihould prove bad, and the wall be inclined to fettle, 
(for which caufe only piles feem neceflary behind the front) they had better be applied 
diredlly underneath } and if the two cutfide mud fells, anfwerable to the back of the 
walls, are pUed at 6 feet dijbuices only, 1 think it futficient. 

4thly. The row of dovetailed piles under the points of the prrjeftion of the pier, 
I think may be fafely omitted, unlefs the ground is very bad indeed. 

5thly. If 9 inch fpikes are intended for the 5 inch plank piling, they vdll reach 
only 4 inches into the wood; I have, therefore, fuppofed them, in the eflimatc, to 
be of 11 inches. 

6thly. Out of the timber fuppofed to be faved as above, 1 would lay an additional 
ground fell dole to the other, direftly under the points of the pointings, that the 
jagged bolts may there have fomething elfe befules the plank to hang by ; but to dif- 
continue them upon the mud fells in the face of the walls : the three ground fells and 
plank piles to be all bolted together. This laft ground fell I would fupport by 4 piles, 
correfpondent to thofe marked dddd, 

\ 

ythly. I think i foot rife at the threlhold very fulficient, and the lecond floor plank 
may be of two inches, or the fecond beams of 1 2 x 9. The 20 inch bolts propofed 
fl)r the 14 inch pointings, leaves but 6 inches to go into die wood below, of which 2 
inches is plank ; they fliould be two feet at leaft. 

Sthly. It would confiderably ftrengthen the pointings to put a brace or ftretcher of an 
equal hdght with themfelves, crofs the pier, according to the direftion of the dovetail 
piles ; fo that the ftring pieces, thefe braces, and the head of the threlhold, would all 
mitre together j and in like m'annbr to 6x on a piece jump agunft the outiide heels, 
to reach about 6 feet into the wall, and to be bolted on with two jagged bolts, each the 
fame as the pointings arc flxed by, for which there is provifion in the eftimate, 

pthfy. If the lime rubble is mixed with a little quick lime it will fweU atid become 
quite compa£t, which method I have ufod in fillings $ and the fecond floor 1 think had 
better be filled with folid brickwork. 

lothly. The ptojefting pier 1 think had better be no longer than fufficient qi 
die ftuds, as die water will therebf more readily adt b^nd, anod^.fodt the dexifs* ' : 
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nth. In regard to the plan of the wallsj 1 think a 5 feet bafe, the length of the 
arches in this light, unnecelTary ; that as the arches will ever prevent the external 
prefllire of the earth from driving them inwards, a wall of 4 feet bafe and 3 feet 
at the fpringers will be fufHcient j but confidered as an abutment to the arches, inde- 
pendent of the weight of earth to be rammed behind, 1 think it infufEcient for a 
height of 12 feet ; in this light the bafe had better be 7 feet, and 3 feet at top; the 
contre forts will undoubtedly fupport the extremities of the arches, but a 15 feet 
hollow bearing, where there is any dependence, I think is too great in brickwork or 
mafonry. 

1 2th. A bafe of 4^ feet for the wing walls, is certainly too little for a wall that is to 
rife at a mean 22 feet, without the help of land ties, or crofs beams ; and, as 1 am very 
averfe to thofe expedients, 1 would propofe to make the bafe of the wings, at the fet-on to 
the body, 9 feet thick ; 6 feet thick joining the returns, and 6 feet for the returns ; and to 
make regular fcts*off on the back fide, fo as to be every where 2 feet at top j this will re- 
duce the walls to full as fmall a fize as is fuppofed at the height of 1 2 feet ; fo that the only 
addition will be 1 foot 6 inches mean thicknefs upon 1 2 feet high in the wings, and 
I foot tlucknefs to ditto height in the returns, which, with the contre forts in the wings 
and. returns, will make about 7^ rods of brickwork i which at 6/. per rod comes to 
45/. to do it durable and lafting, whereas with land ties and beams it comes to 57/. 8r. 
No addition of expence in the floor will be required, or alteration, favethatl would 
conform it to this figure } and it will be neceflary to lay in, inftead of common planking, 
ribbands or whole pieces of 6 inches thick, in the face of the wing walls, to hinder their 
Aiding upon the floor. 

13th. As the upper pointing is diflicult to be fiipported, from the preflure of the 
water downwards, 1 have propofed in the eftimate to fufpend them, by iron loops and 
flays, to the key-fl:ones of the arches, and plank them flat upon the top. 

14th. I apprehend Mr. Grukuy has, in the height of his doors, had a view to the 
paflages . being navigable ; otherwife I think, if the doors were only 8 or 9 feet high, 
(which would be fully fufficient for the dilcharge of the waters) they would be iig^ter^ 
and therefore move more readily as well as be in effed: ftronger. 

Aufibvrfe^ 13th December," 1764. J. Smeatok. 

P. S. It feems /to me that dtere is awt pccaflon to dig the fluice ptf to fo 
general width as 65 feet: was I to execute it I Ihould not open the ground to take in 
moi^ 0uui<die extrenuty of the walls at bottoms and notch in die abutments, returns, 

&c. 
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&c. in i^rhich cafe the main pit wlU not be above 50 feet bottom. ! have alfo altered 
the pofitiqn of the fluice pit in the general plan, in order to give it a better direftion 
into the river, which, being -in dotted lines, will readily be diftingxiilhed. 

« 

N. 6. I have in the eftinnate fuppofed the walls to be carried up 12 feet high, the 
fame thicknefs as ordered for the bafe. 


ESTIMATE of Mr. GRtrunY’s plan for a fca fluice for the drainage of Ihldemefs 

Levels* 


CARPENTRY. 

la 84 piles under the mud felb. being lo inches by 12 head, and 10 feet long, 1 piece of ta inches 
fquare and 10 feet long, make 2 piles ; therefore the folid contents, . • « 

Tn 7 mud fells, 64 feet long, 12 by 12, - • • • ^ 

In 96 bearing piles, 10 by 12 head, and 10 feet long, - » ' » 

1 Grounding to fea fheet piling, 73 feet long, 12 X 12, 

9 Ditto in the fea apron, mean length 49 feet, 12x12,* 

2 Ditto under the fea doors, 62 feet long,- 

5 Ditto under the body of the fluice, 44 feet long, * . - 

2 -Ditto under the land doors, 57 feet long, 

4 Ditto under the land apron, 4$ feet long, • ' . » 

I Ditto to land iheet piling, 62 feet long, - * - • » 

In 24 ground ways 12 X 12, 

In 2 rows of 12 feet dovetail piles under extremity of the fea aprons and fea doors length 
134 feet, there is feet fuperficial, - » . . 

In 2 rows of 10 feet ditto, length 106 feet, feet (bperficial> 

Superficial feet of dovetail piles, * - • « ' - » * 

AHow } for fongoeing • • • . . ^ 



Superficial feet, 5 inehca tkkk. 





C^befr. 

420 

448 

480' 


1214 


The fiiiid conteMs AcKof-u, . • . -« i - diM: fteti' ’ ^ 

1 Row of ditto in tine ex tto ai ty of the Und atnpon inches duck, «id 4 ietoj| itt lei^^th' ‘ 
feet, and tdlonnng ^ for tongoeing. make, ‘in Iblid contents^ « . *'£3^' 


1 


limber in t^^.|ewa<^dovetaSpiIing«, *' 

3 640 Rect feyMiti a l of plank in fee door, bong 3 inches duck, contains folid, .. ^10 

6 Ground 
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Cube Fu 



b Qrpund fells for the fecond floors under the archer mean length ai fbet» la K 

lO* 




folid contents* - 


10$ 



4 String pieces* lo X 6 

- 

34 



4 Pointings* 14 x i6* and 7 feet long each* . • « . 

- 

4 * 



a (^ndthrofli^lda* if x 164 and long, ... 

- 

49 



Plaok for the fecond floor* 3 inches thick* 304 feet fuperflcial, containing folid 

- 

126 



Timber in the fecond floor and threfliolds, « « . 




361 

Jtfgii timber in the floors . . ... « ^ . 

- 

Cube feet 5291 



c 

/. 

i/. 

To JRiga dmber in the floor* 5291 feet folid* at 14^/* • « 


308 

IZ 

10 

Allow for wafte in converting to the proper fcantlings one eighth 


S8 

II 

7 

Tf $|i"ber in the Ibor, 


347 

4 

s 

T40 preparing and driving 1 80 pjles of i a foet Iqng* at a 6 dL each pie. 


zs 

0 

• 

T)0 framing* fawing pud laying the Agbr* containing 37 fquarc, at 15/. » 


*7 

>5 

• 

To 4668 fret faperficial of dovetail piling* fawing* making and driving* at 


44 

9 

4 

To laying 37 dloorc of planking in the floor* including fawing and canlking* at 7/. 

6d. 

*3 

»7 

6 

To framing jand laying the fecond floor* containing 5^ fqnaica at i/. a/. 6i/« 

m 

6 

3 

9 

Workmanfhip in the floor, . « .v « 

# 

"4 

5 

7 

Timber indi^ • - w , • 

m 

347 

4 

S 

Carpentry in An floori, « • * » ^ 

m 

£• 461 

10 

0 


Mafona. and Bricklayecs work. 

Tlw CXtenidjCilBaiafcieaoe of the walb and jncr is apa fieet bjr la feet high, produces 
1504 feat fetw stork, which will be. at a nediain, 1 feot 3 inches thi^ of ftmt 
ti^pradiiqei<4)loanbe feet;, which, 4elirered.at ii. 6 d. perJbot. comes to, ; • .gaS , to m 
The fetting aaJ aakinf nostar for ditto, at per foot, • • 18. 5 o 

TTbs befan fa p afed tp be fet guinclies heeadth in tanas mortas, and the hollow pofaf ' * 
sAolljbqMadfeerdntWtlltske 5ebalhdsof tarns, at 3/ dt/. - . 8 15 e 

Tomttra fchny-iis bept sag fe i m war made therew^, at \u-td. per-bnihel, • ‘«tJ J;. j If - 
Tolknemnl fendfer >#Mawttw>a rtl> a J »tgtkdiaaoii^ oaamimny i « 

14 rods, a| .«• • :• •• -» fe ' 6 - t> . 
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fo Itone fedifgi for the Old OM 

MM (<MI ahiM Ikt 


Seltdffe 




Ipring of the ardies^ • 

M • « 


laot 




To ditto in the 2 face walli^ . •• 


to88 

1360 



’ 

To ditto in the 4 rampart walb» 

- - . 

460 

5«f 






»S»+ 

3131 






mmmm 


£ 

/• 

d; 

To 3133 cube feet of flone work, at ia 

%d. per foot. 

m * 

00 

•3+ 


6 

To fetting ditto and making mortar, at 

1 d» per foot, • 

m • 

m 

*3 

1 

1 

To lime and land for mortar for ditto, 10 rods, at 9/. per rod. 

* 

40 

4 

10 

0 

Mafonry above 1 2 feet Mgh, 


- 

* 

*fa 

10 

7 

Malbnry below &2 feet high. 

- 

« * 


36s 

11 

w 

Mafonry in the face of the walls. 

m 4»> 

- 

* £• M 

8 

7 

Eftinatlon of a rod Brickwork. 





• 




jf* 

Jto 

«r. 


•» 

- 

IW « 

» 

7 

ft 

To 20 buOiels of /fesgfeM lime, at 8 d* 

m ■» 

- 

• 

9 

U 

4 n 

To 40 buflieli of clean fend, at 3 if. 

* 

- 


0 

xw 

» 

To workmanAup, « 

• 

- 

•* 

8 

ft 

ft 

Rod of brickwork. 

• <» 

i 

m m 

s 

t« 

ift 

This, in the fbllowing edimatf , 1 call 

• 


- 

ft 

ft 

Or 

The whole contents in foUd. to i» feet l^h, is 1-5548 eube ftet« fiom dedaOing 




4380, the cube ineafiire of the mafonry. there remains 9168 enbd feet of bdckwoifc. 




making 29,7 rods, at 6 L 

- 

- 

- 

»?• 

*4 

# 


The brick backing for the wings, ai^d xeturnit, lo naake the wbde 3 feet 

thick at amedkin,. - - • - - 1^90 cabe fttL 

To ditto for the faces to make the fame thicknefs, - - 1428 

To ditto in the saaipart walls, to make the whole, at a mediim), 2 feet 

3 inches thick, - • - • 420 

To cube meafure in the arches a fafkk and hidf - - • 71a 

Brickwork compleatcd, . . . . 423.0 ccBeilhet. 

Hie upfier works in brick conOtm 4230 cube feet, which, at 309^ feet Co the rod of 14 ^ 

inches thick,, contains 13,8 rods, ac 6/. - - - • ^ tO l£ o 

IkidtMik ii^tho^ ^ *• ^ 261 10 o* 
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Carpcntfy in the jeatAad land doora and pointuigs. . 


A Tea door« 

In 1 turning po^fc, long, 9 ‘x 

1 Clapping poll, iiLieetlong, 9X9, 
Tlie under rail and uppef ditto, 9X9, 

4 Rails, 28 feet long,. ^ X 7 i> ‘ ^ - 

66 Feet of inch and' f ^hink ' 

Solid timber in each ^oor. 


Ft. in cube. 
4 


7 

6 

7 
»3 

8 


3 

II 

3 

3 


43 


To 43 feet of timber in each door, framing and hanging, at 3/. per foot, is 
7/. lOi. 6 d. each door, and Tor 4 Tea doors, • . . . 

Cube Ft. 

In the main beam for the pointings, 34 feet long, 12 X 14, - - 40 

The 4 pointings, 28 feet long, 12 X 12, ‘ - - - - 2S 

The king pieces, 6 feet long, 12x1 2, - • - - 6 

The covering with 3 inch plank 36 feet fuperficial; ‘ 9 


To timber and framing in the pointings, at 3 j. 6 « 

Land doors, being 1 1 f feet wide by 8 feet high, *coltita!n 92 feet faperlicial, ^nd 
being 4 inches thick, - « . « • 

With 4 battens on each fide, 2 inches thick, 1 foot broad, and 8 feet long, 
contain 64 feet fuperficial, - - " - - - 

Solid timbe{ in each land door, . • « . Feet 

To 42 cube feet of timber in each land door, framing and putting in place, at 3 
h 7I, 7 s. each, and for 2 doors, . . . - 

C^rpenuy is the doors and pointings, • • 


ll 

3 * 

II 

42 

j. 6</. 


£■ 

30 


2 


14 10 


H 
C 59 


ii. 

Q 


Carpentry in the beams and land tycs. 

Cube Ft. 

To 4 khd dyes in each Tea wing, and 2 in each return, fea and land in all 16, 
to be 24 feet long, 10 X 6, - • • - ’ - - 171 

To 16 crofs pieces and ditto firing pieces, 3 feet long, 10 x 6, • - 43 

To cube feet in land tyes, at 3 /. * - •* - 214 

To 32 JO feet piles, jo x 8 hea^; timber, making and driving, at 6/. each. 

To 3 beams pf Higa fir over the fea, and i over the land apron, mean length 33 feet, 

12 X 12; 132 feet, at 14^. - - - - - - 

To 16 knee pieces fcr the famc^ • 

To making, getting into place, and, fixing the ^ams, 

<«r 

CSupenily ia 'the beams and land t yes, - • • ... 

Ditto io tbe door* and pointings, ..... 

Carpentry i, a* PPP*' "^Jrks, ....... 


, 3 * 

z. 

0, 

9 

12 

0 



* ' 

7 

>4 

0 

4 

0 

0 

4 

0 

Q 

1 

S 7 

8 

0 

59 

6 

6 



£. 116 

>4 

6 


Iron 
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Iron Work. 


lbs. 


Tail fhreting 73 feet, 146 of 11 inch fpikes, « 146 

Row in point of pier 47 feet, 94 of 10 inch ditto, - 73 

Ditto in extremity of land apron 63 feet, 126 of 9 inch ditto, 72 

To fpikes for the Ihcet piling at 3!^. - - - - 291 lbs 


To 16 bolts for bolting the 2 ground fells and (heet pHes, together in tlie 2 rows under the 
fea and land doors, weiglung 4I lbs. each, in all 76 lbs. at 6//. 

To 2500 8 inch fpikes for the floor, weight 1.0 Cwi, at 1/. lo/. per Cwt. 

To 28 jagged bolts, 2 feet long and 1 1 inch thick, weight 10 lbs. containing 280 lbs. at 4^. 
To fpikes for the fecond floor, 1 Cwt. at i /. 10/. 


Contingencies thereon, - - - - • - . 

Iron Work in the floor, . - - - - 

To 4 pair of L ’s and 8 ditto of f-’s for each fea door, and for the 4 doors 48 pair, weigh- 
ing, with their rivals, 141b. per pair, in the whole 6 Cwt. at 2/. 2#. 


To j crown nails for the planking of the gates J Cwt. - - - 

lbs. 

To 4 9-'inch hoops for the feet of turning polls, weight lo lbs. each, 40 

To 4 8-inch hoops for tops of ditto, 9 lbs. each, - - 36 

To 4 2 -inch gudgeons for top of ditto, 20 lbs. each, • 80 

To 4 loops or flaples for fixing ditto, 28 lbs. each, • - 112 



S, 


4 

4 

10 

1 

18 

0 

IS 

0 

0 

4 

13 

4 

I 

10 

0 

27 

6 

2: 

2 

«3 

9i 

£■ 30 

0 

0 

12 

12 

0 

0 

10 

9 


To hoops, loops and gudgeons, for fea gates. 


268 at4|y. 5 


Cwt. lbs. 


To 4 bottom gudgeons and 4 pots of call iron, 1 o 

To 4 ferew boles, 18 iiKhes long, I thick, weight 16 

To 4 ditto of 4 feet long for ditto, weight 7 lbs. - 28 

To bolts for the upper pointings, at 6^. per lb. 44 


To 2 fees of loops and flays for hooking the upper points of the key-flone of the arch, 
50 lbs. each, at 4 ..... 

To fpikes for the planking of the upper pointings,. - - 

To rivet nails for the land doors, 100 in each door, { inch thick, at 3 </. each. 


100 


1 2 • 

117 6 

• 5 o 

2 10 • 


For drawing the land doors. 


lbs. 

To 2 clafps and eyes with rivets, ... - . 64 

To 2 fluds with-plates for faftening to the wall, 12 lbs. each, - - 24 

To 2 chains 16 feet long, J iron, - - - - 146 

To 2 fluds and 2 loops for fixing ditto, - ... 16 


Fixed tfOA work for drawing the land doors, at 


250 4 13 9 


VoL. 1. 


O 


Cairicd over, 29 10 


HI*- H.m 



I 9 * J 


To a common hand-fcrew fitted up fat drawing the gate$« 

To 50 cramps for the cappings^ albs^each, 100 lbs. at 44/. 

To 5 pigs of lead to faflcn cramps and iron workj at i6/« 'each« 


Contingencies, • * « 

Iron work in the upper works. 

Ditto in the floor, * - • 

Iron work in die whole, 


Brought over. 



r« 


*9 

10 

9 

5 

0 

0 

1 

>3 

4 

4 

0 

0 

40 

4 

t 

4 - 

>s 

11 

45 

0 

0 

30 

0 

0 

• 75 

0 

0 


To 1 88 cube yards of lime-ftone rubbifli, mixed with 1 bufhel per yard of quick lime, 
well blended together, and rammed in between the timbers of the floor before it is 
planked, 

To I a rod of brickwork between the timbers of the fecond floor, clofe laid in and filled 
with mortar, • - •• • • - - 


28 4 o 

500 


Filling in the floor,. - • •• • ^ -f 


31 

4 

0 

ABSTRACT. 
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Carpentry in the floor, • - i ► - 

• 

461 

10 

0 

Mafonry in the face of the walls, 

m 

618 

1 

7 

Btickwork io the backing and arches, . ^ • 

m 

261 

10 

O' 

Carpentry in the upper works, 

a 

116 

14 

6 

Iron works in the whole, ^ - 

- 

75 

0 

0 

Fillings in the floor, ----- .i. 

• 

31 

4 . 

0 

Drainage of the water, fupervifal, and contingencies, 

- 

200 

0 

0 


£■ 

1764 

0 

1 


BRISTOL 
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BRISTOL BRIDGE. 

QUESTIONS propofed by Mr. Stratford, Engineer, concerning Bryiol 
Bridge', anfwered by Mr. Smeaton. 

Quere ill. T^ROM the Hate of the old pillars, and ftrata below the bed of the river, 
^ to the folid red fand rock, will it be prudent, or advileable, to attennpt 
the conltruftion of a new fuperftruflure on fuch old precarious foundations ? 

Having duly conlidered the feveral matters Hated in the foregoing difeourfe *, as well 
as the feveral plans, elevations, and fedtions, 1 am of opinion as follows : 

Anfwer ift. As all the old pillars appear to be ill built and damaged, and not fuffi- 
ciently deep below the bed of the river, which will always render them fubjeft to further 
injuries from the aAion of the water, which appears here to be very confiderable, I (hould 
think this fuifreient to their condemnation, if the circumfrances of their being ill fized, 
ill ihaped, and ill placed, were not in the prefent cafe to be added. 

Quere ad. From the forementioned account of the frelhes, will not any attempt to 
bar up the bed of the river under the bridge be extremely injudicious, and a meafure 
that will greatly add to the prefent inconveniencies felt at the head of the back ? 

Anfwer. The bars mentioned to be thrown up, both above and below bridge, have 
undoubtedly been formed by the matter removed by the current from between the 
piers i which removal has been occafloned by the bulk of the pillars too much frraighten- 
ing the water-way, which, increafing the current there, has taken out the matter and 
increafed the depth, thereby nature having in Ibnne meafure relieved herfelf, by getting 
in depth what (he was debarred from in width } an attempt therefore to refill thofe ca- 
vities will either be attended with the fame confequences, and an increafe of the bars, 
or, if die new matter to be added, is fo heavy and compaA as to refift the current, the cur- 
rent muft be proportionably encreafed thereby. I fliould therefore think this expedient 
in this place very unadvileable. 

A 

• M«Mung Mr. StratfirtPs defeription of the fitoation, conation, lie. of the old pllari, and of the feveral 
ftrata under the bed of theriver, tn. 


O 2 


Quere 
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Querc 3d. The pofitlon of the bridge bring a matter of moment in bridge building, 
will not the changing the prcfertt pofition of the old bridge be a real improvement to 
the part of Briftol at the head of the back, as it will facilitate the paflage of all forts 
, of veiTels through bridge ; and may not a reafonable expence to grin that advantage be 
money judicloufly expended for the benefit of the city of 

Anfwer. All bridges ought as near as pofUble to have their piers parallel to (he natqral 
current of the water, in thr place where riiey ftand yet a fmall deviation therefrom, fo 
£ir as it rcfpefls the paflfage of the water only, is not of great conlequence tg a work 
that is otherwife firm and well founded : but in the prefent cafe, with relpeft to 'the lay- 
ing and paffage of veflels, the deviation very unluckily happens to be the wrong way, 
and therefore in the reconfti uding this bridge ought to be reftified. I d<yi't mean that 
the piers ought to be out of parallel with the ftream, but if they had happened to have 
deviated as much the contrary way, there probably would have been no need of a change. 
This ought however to be attended to, that at the fame time the frrihes, floods, and 
llrong ebbs, render the veffcls along fide the quay lefs fteady, it may be .the means of 
preferving the face of the quays from an addition of filt or mud j yet the quantity of al- 
teration propofed, cannot I think be attended with any danger from this quarter. 

“ Queftion 4th. In cafe of a three-arched bridge, fituated on fo rapid a river as at 
** Bridge, will it not be more eligible to conftrufl the falient angles or bees of the piers 
“ with cylindric fiirfaccs of 60 degrees, rather than an angle of 90 degrees, or 
reftangular ?” 

Anfwer. As the Ihoulder angles of the piers obftrufted the water’s pafiage, and the 
more lb as thefe angles are lefs obtufe, in all currents they ought to .be rounded ofiF; pro- 
vided this is done, it is little material what angle is formed at the bee ; but no way is 
more advantageous than cylindric furfaces of 60 degrees, which is at prefent the prariicc 
of moft foreign engineers. 

Queftion 5th. Ti^e firft delign a iihgle ^rqhcd bridge, the cord at low wahqr n^k 
1 50 feet, the plumb or perpendicular feet, the ipringers of die arch to be ewied 

down, ahd'funk into the iblid red fand rock, according to the pjl^« retired apt 
** will there be any fort of danger or hazard in executing a work of this large fpan, under 
** a fuppofttion that the ^ringe^ of the atehes are ^earned down to theiehd nock 

« N. B. 
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^ N. B. The flt^clicfignnl for foe bridge is a fandftone, which rifes.fofc in foe 
** quany, but iinmediatd;^ hardens in foe <^n air to an amazing firm texture, at foe 
" iaine time foe foone can bei liiled in (docks of any fize: I propofe one fort of arch ftones 
f* x)£ 4 ^ foist iphg, and 3 foet in the fuffit dr foicknefs, and from 3 to 4 wide ; the fecond 
M fot 4fect3 inches ioag; 4>or $ feet wide^ and. foe former foicknefs; the counter 
j^ch to.bdnd in with the principal . arch, according. to the fedtion. referred to. The 
done defigned fw -the counter aikh is excellent, being 4, 5, or 6 inches thick, very 
wide and long. 

** -The lime for the mortar of the bridge is of an admirable nature 5 one fort will fet 
^ and cement tinder water, equal with Dutch terras $ and the other will alfo fot and 
cement the ftonework together, as if formed of one folld m^s. 

** This arch from foe fpringers contains laf degrees of a circle, confoqucntly is 5 de- 
“ grees above 4- of a femicircle, which Palladio recommends in all his bridges. 

As tins arch is to be founded upon foe folid rock, this arch may be looked upon as 
" fcmicircular, as the rock atay evidcntly be fuppofed the part of the arch deficient of a 
femicircle. A great advantage in a fcheme arch, built on a folid rock, is, that foe 
** lefs number of degrees the arch contains, the ftronger tliearch will be.’^ 

Anfwer. I look tipon it that no limit to the Ipan of arches, in proportion tpfoeir rile, 
has as. yet .been found, fmee foe wideK and fiatteft arches that have been attenapted, • 
upon right principles, have fucceeded as well as foe narroweft and higheft, provided 
the abutments are good, and the ftone and cement whereof they are compofed are of 4 
firm texture, as in foe prefent cafe they are faid to be ; and as no abutment can be 
better than a folid rock, and fince the manner of carrying down foe afch, and ftepping 
it thereupon according to the feftion, is quite proper, I fee no reafon to doubt of 
fuccefs, if built upon foe plan now before me. 

The Aberiban or Watebet lime, which I fuppofe is here hinted at, I look upon, frona 
. experience, to be the beft in the world for works under water. 

Queftion 6fo. The fccond delign I propofe to confift of a large central arch, and 
two fide arches. In this defign will it not be moil advifeable to carry down foe piers 
and abutments to foe folid rock. 

Anfwer. Though I apprehend the piers of a bridge might be Iccurdy fixed upon any 
4 f'tlit ilrata mentioned, by pileing and other timber-work, jx-oVided there was no 

other 
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other to come at, yet as a rock is undeniable, I look upon it worthy of a confiderable 
eddition of expence to come at it in a work intended to be lading : how far it may be 
pradticable in the ftrata mentioned to get down to the rock by battardeaux, in the middle 
of the river, 1 am fomewaat dubious ; and though it may be come at by the caiflbon 
method, yet, as I think to interpofe a gradng or floor of timber between the folid 
rock and folid malbnry, is not quite the thing to be wilhed for i I Ihould therefore pre- 
fer the Angle arch, as having fewer foundations^ and thoie more eafy to be fenced off 
and come at, and fliould prefer the 150 feet arch to one of lefler fpan, as the abut- 
ments will advance kfs into the river. 

Quellion 7th. The third defigo, propoied by Mr. Bridges, where the new piers are 
to be feated on a coping on the old pdllars. But as there are fo many real objections 
to this plan, will it not be the mod judicious and advifeable dep entirely to rejeCt every 
propofal already offered or to be oflered for executing that vague fcheme. 

Anfwer. As .to Mr. Bridges’s plan I can fay nothing, as not having feen it; but 
if the old piers are as .eprefented, 1 think it quite wrong to make ufe of it at all, for 
the reafons in the flrd anfwer. This I am fure of, if the bottom is unfound, no 
coping, or any thing elfe that can be done, can make them found. Befides, to leave 
the old fpreading bottoms to projeCt under water much beyond the new lhafts, and that 
in an irregular manner, would be very prejudicial, not only to the paflage of the 
water, but the navigation ; I therefore mud conclude, that if a new fuperdfuCture mud 
needs be built upon the old bottom, I think it mod advifeable to fhape the piers, and 
Jbuild the bridge conformable. 

The queries anfwcred by J. Sm baton. 

November a4> *7^*. 
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RYE HARBOUR. 

The REPORT of John SMEAtoN upon the harbour of Rye^ in the county 

of Suffix. 

harbour of Rye, once (b famous and flourilhing, lays in the bottom of a bay, 
terminated by the point of Dungenefs on the eaft, and of Beachy Head on the 
weft, but more immediately by Point Fairlee, which lays almoft in the fame line, at 
about the diftance.of 5 miles. This harbour, according to tradition, was formerly very 
large, capacious, and deep, fo that many large fhips might lay therein, fheltercd from 
all winds, at anchor at low water. In this ftate the fea waters every tide overflowed 
a very large traft of country (now converted into marfties), die influx and reflux of 
which waters from and to the lea produced fo great a power of cleanfing and open- 
ing, as to maintain itfelf a channel wide and deep enough for the above benefleial: 
purpofes.. 

Now as the whole of the waters fo flowing in and out each tide muft pafs through the 
mouth of the harbour, the adtion thereabouts would be the ftrongeft of all, and ia 
proportion weak towards the remote extremities : the mud, therefore, and ’ impurities 
brought in by the fea, and foil brought down by the rains from the high country, 
would firft of alt be lodged at thofe extremities, which gathering by degrees, in pror- 
portion leflen the capacity of the refervoir, which of confequence weakens the influx 
and efflux, and thereby increafes the tendency to filt, or, as it is here called, to fwerve 
i»p j and thofe furfaces fo overflowed being by degrees raifed out of the reach of 
common neap tides, begin to gather a furface of grafs, which tempting the hufband- 
man to enclofe with bank's, he thereby fliuts out the fea totally, and in confequence 
weakens the cleanfing power more fuddenly than would happen in a ftate of nature ; fo 
that in time the whole of fuch an inlet will be filted or fwerved ' up, unlefs a fuf- 
ficient quantity of land or flood waters have their paflTage through the fame to fea j and ' 
the channcl remaining at laft will be in proportion to the quantity and rapidity of thefc 
flood waters. This is the natural tendency of every creek or harbour upon the fea, 
hut diflTering greatly in degree as fituations and quantity of frefti waters from the land, 
and the impurity of. the land or lea water, differ in one place from another. 

It appears further, diat an immenfe quantity of flint, pebbles, or broken flints,, 
rounded by theaAion of the fca^ cotnmonly called ftringle or beach, and which have 
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either proceeded from the chalk cliffs on the coaft, or have been waihed up from the 
bottom of the fea, are produced to the weftward of this harbour, and being driven on 
the Ihore, which runs in a general direflion nearly W. S. W. and £. N. £. the wind at 
any point between S. and S. W. caufes the feas to ftrike the Ihore in an oblique direc- 
tion, and not only to heap up the beach upon the coaft, but to drive it dong the fhore 
to £. N. £. into the bottom of the bay j that is, into the mouth of the harbour, from 
whence there is no poflibility of return by a contrary aftion, becaufe all winds from £. 
to S. £. which fhould produce that effect, are in a great meafure land-locked, and not 
only fo, but are generally lefs continued and violent than the South-Wefterly. Hence 
then it appears, that two powers of nature are together combined to produce the de- 
ftruftion of this harbour, viz. the filting within, and the aflion of the winds and feas 
without, upon the fhingle, to block up its mouth nor could this laft be poiTibly avoided, 
in a very little time, was it not for the adtion of the land waters, which will always main- 
tain themfelves a pallage to fea, (while they have no other) and though confiderablc 
in the winter feafon, are yet very inadequate to the keeping open fuch an arm of the fea 
as this has formerly been, or even now is. The quantity of beach or fhingle that has 
thus gathered at the bottom of this bay and mouth of the old harbour makes a furface of 
feveral hundred acres, the pofition of which in Ibme meafure appears by the plan hereto 
annexed, and is at prefenc in an increafing ftate j for, as 1 am informed, that which at 
prefent is called the outermoft weft point has been formed within thefe ten years ■, and that 
which is now called the innermoft was then called the outermoft} and the point marked 
B in the plan was then called the innermoft, which is conformable to a plan made in the 
year 1738. Hence it appears, that a fucceflion of points have formed themfelves to 
the weftwafd of the harbour’s mouth, every one leaving a more narrow paflage than 
the formei', the prefent opening between the prefent points not being above 100 yards 
wide. There alfo appears to be a body of beach, marked in the plan A, which is 
driving down from the weftward, in all probability, and will form a point without the pre- 
lent, leaving a paflage ftill narrower. From this view it appears, that the old harbour has 
been fubjeft to great mutation, and is likely to be fulyeft to ftill more, and all for the 
worfe } and all able artifts, who have furveyed the fame, have agreed, that nothing to pur- 
pofe can be done towards reftoring the old harbour, or maintaining the fame in any 
tolerable ftate. In this condition it appeared upon a furvey in 1698, by two Commiflioners 
of the Navy and two £lder Brethren of the Trinity Houfe, b^ order of the Right Hon. 
the Lords of the Admiralty, who conclude their Report with faying, “ And therefore 
we take this harbour to be almoft entirely loft, at leaft in no condition to be preferved 
for any purpofe of the navigation.” Indeed, three genriemen, who were fent to furvejit the 
harbour of Rye, by order of the flune board, in the year 1719, after declaring their 
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fcnfibillty of the former utility of this harbour, and the bad condition it was then in, 
propofe a remedy ; but as this appears quite inadequate to the object, fince that time a 
new harbour was projefted, and in part executed, by the famous Captain Prr e v, who, 
after performing feveral great wor’es in RuJ^ay and efFeftually flopping the br'.'ach in 
the river Thames zt Dagenham, was employed here; and this new harbour has been' 
Carried on, with fome interruption, from that time to this. Its general defign and 
fituation is as follows : 

The mouth of the new harbour is fituated about two miles to the weflward of the old 
one, where the coaft makes nearly a ftraight line for feveral miles together, and though 
altogether formed with beach, yet feems to have had no confiderable increafe of late 
years, at leafl not flnee this harbour was begun ; for though a fiiccellion of Ihingle is 
moving to the eaflward, it does not flay here, but lodges in the bottom of the bay. 
The coaft being hereabout W. S. W. and E. N. E. as before mentioned, the mouth of 
the harbour points nearly fquare thereto, that is, to S. S. E. or rather S. E. by S. At 
the foot of the beach, which is about low water mark at neap tides, begins a fine firm 
fand, regularly inclined towards low water, which at fpring tides is about 257 yards 
from the foot of the beach, and from thence inclines by very regular and gradual found- 
ings, fo as to make 20 feet water at low water fpring tides, and about 23 feet , as ditto' 
neap tides, at above a mile right out from the harbour’s mouth, which foundings gra- 
dually increafe further out, and the whole of the bay is excellent anchoring ground, as 
I am informed. The tides here, at a common fpring tide, rife above low water mark 
23 feet, and neap tides about 14, that is about 17 feet above low water mark fpring tides, 
which are the greateft tides I have met with on this coaft. The direftion of the tides 
is nearly along Ihore, and being fome diftance (on account of the depth of the bay) 
from the main channel tide, are very gentle, and are attended with this particular cir- 
cunnftance, that whereas the main channel tide fets to thfe caftward for Ibme time (in 
moft places three hours) after high water, which occafions a ftrong current to the eaftward, 
a tne time of higji water j now in the bottom of this bay, the rime of ftill water, and 
that of high water, are both nearly the fame, which is a great advantage to (hips fleering 
into the harbour’s mouth, efpecially in bad weather ; dl which circumftances, viz. the 
gi^at rife of rides, the eafinefs of the current, and ftillnefs at high water, when veflels 
chidBy go in and out, mtift he allowed to be advantages favbutable to the conftruAion 
of ah Kaihbut in dis place. 

Wirii relpeftto the harbour itfelf, in its ori^nal defign, it had two ftone pier heads 
pt^eded into the fea, as far as the foot of the beach, their diftance 120 feet, which 
ffiaites the opemog of the harbour’s mouth j but as the courfe of the beach was inter- 
VoL, I. P cepted 
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cepted by the weft head, and in confequence a body of it colleAed behind the faid 
head, the weft head has lately been advanced further out with timber and ftone, fo as 
to overlay the eaft pier 210 feet, which addition is not only the means of preventing 
the beach from getting round the head fo eafily &s before, but greatly facilitates the 
entry of the hai’bour, efpecially in the time of heavy feas from the S. W. as I have had 
an opportunity of being eye-witnefs of a veffel coming in for flielter under thefe cijr- 
cumftances. 

From the pier head the width of the harbour enlarges to about 200 feet wide, and is 
altogether in the form of a canal, which, in my opinion, is preferable to any other for 
an artificial harbour, on account of the advantages in fcouring, where the whole de- 
pends thereon. 

At the diftance of 730 yards, or thereabouts, within the piers, is placed a large na- 
vigable ftone (luice, and the whole of the canal between the 'pier heads and the fluice 
is formed into die arch of a circle of about 45 degrees ; fo that no part of the mouth, 
of the harbour can be feen from the fluice, nor any part of the fluice from the moudi 
of the harbour •, in confequence whereof, not only, the deftruftion of the fluice-gates by 
the fca’s rolling in upon them^ are prevented, but a fpace of above, aoo yards of 
the canal, from the fluice downwards, becomes ftill water, in time of the greateft Teas, 
at the harbour’s ipouth, which is particularly convenient for fuch veflels as come in for 
flielter, and only wait to take, the advantage of better weather, or a favourable wind. 
At prefent the bottom of the channel between die pier heads is about 6 feet above low 
water m^k at fpring tides, and about 3 feet above the cill of the fluice : fo thajt at pi;e- 
fent there is 17 feet wat^ between the heads at fpring tides, and 11 feet at neap tides ^ 
but ^ ^e body of beach that ferved as a dam in the, harbour’s mouth, to pieyent the 
fea from coming in till thf worlds, within were compleated> never been totally re*, 
moved, and as in its prefent ftate a; fiiiheient boc^ Qf baek. water can^t ^ coUeifted 
for efteftv^Uy dean^g a^d. keeping 9pen the mouth, of the hatbour, it. cannot be 
looked upon a^pref^t as,havu^ the greatfft depth of water of which it is capable* X 
aim therefore o£ opinion, whciij thefe regui%e?, a^. pfpyified , by. cotnpl^t^ tho 
whole, thep the mppth of the ap vjelias the ip^rn^pa^up t9, ^ 

ftuice, inay be.kqjt clear, ^ le^as, « 

cafe the common 4>ring tides \^1 give 20 feet water into the. hafbqpjr. 

fluice, and neap tides 14 feet; which latter I apprehend to be fufficientofer common 

309,1^^ 



' .1 ) 



[ 107 3 

The fluice Is built of ’Portland ftohe* and confifts of two openings, one of 40 feet, 
Ihut by folding gates pointed to landward, the other of 30 feet clear water-way, fliut 
by five draw-gates of 6 feet wide each : die ufe of thefe gates is to fliut in the tides 
received into the canal above the fluice on tide of flood, into which veflels may then 
pafs, or at high water through the great opening, or repafs at high water or on tide of 
ebb ; and gates being afterwards fliut, and thereby a body of water penned into the 
canal above the fluice, ferves cither to keep velTels therein afloat during the whole time ot 
tide, or being let off at low water by means of the draw-gates, produces a fcour for 
keeping open the harbour below. 

The length of the canal above the fluted is half a mile very nearly, and at a medium 
is about 1 50 feet wide at the utrater’s furface, 70 feet at bottom, and dug down to the 
level of the cill of the fluice. This canal alone, exclufive of the outer harbour, will 
take in above 200 flu) of veflfels, but yet does not contain a fuflicient body of water to 
produce the neceflary fcoiirs below ; ahd furdiermote, this part of the canal being liable. 
CO flit up by die depofidon 6f mud broUghfc ini by die fea, will in a few years be choaked 
up, and rendered entirely ufelefs j the flit Being gathered at leaft 4 feet deep at the head 
of the canal fitice July laft, when the harbour was opened ; what therefore is principally 
wanting to compleat what I apprehbid to be die original fcheme, is to'bring the land 
\inaterr and freihn of three rivers^ that now difeharge thhtifelves into the old harbour of 
J2yr,'thf6ugh the new harbour, by which means the whbla will be kept clear, as appears 
to'ihefbr the foUowihg reafons : 

The river Roibery together with the BreAdein^ tiUin^aiA channels, which unite in the 
old harbour of Rye't are faid to reedve the downfall and fairing waters of above an hundred 
thoufand acres of land ; the difeharge. from whence in rainy leafbns muft be vety coii- 
fiderable. But without entering into a minute difquifition concerning the quantity of 
furface, the moft certain way of judging appears to mi from obfervation of the fize and 
Ibrt of channel thatthofe rivers refpeftively are enabled to maintain, fo far up as whefe 
die flit, brought in by the fea on one hand, and driven our by the lahd Waters on die 
other, is already come to a balance ; and fuch I take to bet the chaiini) of the Rather 
immediately below Scotch Flat Shiice\ the Breade or Winchelfea channel below Wtncheljea 
Sbd^ i‘ and the fillnt^am channel about' a mile above the* New Bridge at Rye, Now it 
appears' to me, diac' and wattiis united are fufiidefiftomaSntdn a 

dnamti,' ^om the neW* canal to thetowh of Rye^ capable of carrying v^flhls of 300 
tons j dnt the.SfWMtr'chaiind is capable of maintaining a dianhel'lUfMetit for fhips of 
Jbo'tour'to Winche^ SUticei and that die three together are'eapabitfof prefcrvixig an 
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open channel through the prefent canal and new harbour, fo as to make at lead; 14 feet 
water at neap tides, as abovementioned ; and that the necelTary widening thefe channels, 
for the purpofe of difcharge of land waters and navigation, will allb furnilh a fufHciency 
of rcfervoir for taking in the tide for the purpofe of fcours in dry fcafons, when thofe 
rivers do not afford a fufEciency of water for that purpofe; and as this part of the feheme 
is fttll to execute, I would recommend it to be done upon the following general prin> 
ciples : 

ift, then, I am of opinion, tliat the prefent clear water-way at the fluice of 70 feet is 
fufficient for taking in as much tide-water as is neceflary for the purpofe of fcouring the 
■ outward harbour, and for filling a channel fufficient for navigation to the towns of Rye 
and fVinchelfea, and for bringing down and difeharging the land waters. 

2d. I am of opinion, that a greater capacity than is necelTary for the purpofes above- 
mentioned is hurtful, as a channel too wide will be maintained from lilting with greater 
difficulty : and the taking in too great a body of water will bring in a greater quantity 
of flit, and will occafion an unneceflary fall of water at the fluice, too great for the 

• quiet paifage of velfels ; and that the tide foiling without, before the internal parts are 
full to the fame level, will occafion a diminution of depth of water for the vefiels fi'om 
the fluice upwards. I would thorefore prbpole, that the channel oiWittcbelJea^ from the 
upper end of the new canal to the town Rye^ be widened, deepened, and Ibaightened, 
fo as to be 50 feet wide in the bottom ; each fide to batter at the rate of 2 foet hori- 
zontal to 1 foot in depth ; the bottom to be fo difpofed, as to make a part of a plane 

• regularly inclined from the lower end of Scotch Flat Sluice upon the Rotbert to the cill 
of the great fluice : in which cafe, as the low cill of Scotch Flat lays about 5^ feet higher 
than -the cill of the great fluice, the bottom of the new channel joining upon the new 
canal at C will be 7 inches higher, and the other end of the new channel D at will 
be 2 feet 10. inches higher than the cill of the great fluice at the point D ; the banks or. 

• walls qf this canal to be fet at leaf! 40 feet from the brink thereof, and to be raifed to 

25 feet above the;cill of the great fluice,; to be 6 feet top, to batter 3 to 1 towards the 
canal, and i to 1 landwards. ... 

3d. From the point D to make a cut to- the north of the town Of Ryt^ to fftlLixito 
the river Rotber ^ fome convenient point, fuppofo E ; this cut m be ^o feetbottom^jC^ 
agree with the inclined plane afqrefiu^ its Tides to .have the fame batters a^the^fonma, 
and its banks or walls to be railed to the fome height, , to. have thefotAe.i^mebfiooa at 
top, the fame batters and diflaoce as before deforibeck ^ &r as the titoffing, of ^dc 
turnpike-4oad F. 


4th. To 
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4th. To fix a dam acrols the river Rotbert near below the point of diverfion E, and 
CO ere6b a Tea wall from the faid dam, to Ibme convenient point eaftward, upon the 
prefent Tea wall of the marlh G, and to cariy another fea wall from the fiud dim welt> 
ward, to abut upon the turnpike road at F, which dam and walls are to be raifed to an 
equal height with the adjoining wall againfi; the marlh, to be 6 feet at top, and to 
batter both ways, as 2^ to i . 

5th. As a bridge will be wanted upon the turnpike road, before mentioned at F, for 
croffing the canal, I would propofe it to confift of 3 ^ches, one of 13 feet 6 indies 
wide, the others of 12 feet each; the large opening to be furnilhed with two pair of 
folding gates, pointed to feaward, and i pair of ditto pointed to landward ; the cills of 
thefc gates to be laid even with the prepofed bottom of the canal at this place, that is, 
about 2 feet 10 inches above the cill of the great fluice, and about i foot 8 inches below 
the lower cill, and 2 feet 1 1 inches below the cills of tlic navigable chamber of Scotch 
Flat Sluice. 

6th. A navigable fluice to be fixed acrofs the ‘Tillingham channel, at Ibms convenient 
place within half a mile above the bridge at the ferry, fuppofe at H, of 13 feet 6 inches 
in the clear, with a pair of gates pointing to feaward, and ditto to landward, with dra\ir 
fliuttles or flakers in the latter, and the walls or banks of the Tillingham channel, from the 
faid fluice downwards, to its junction with the canal before defcribed, to be heightened ia 
fuch manner, and in fuch proportion, as is defcribed for the main channel from the new 
canal to Rye. 

7 th. A dam to be fixed acrofs the prefent combined channel of Wincbeljea and Tilling- 
hanit at or near the prefent new bridge at Rye, fuppofe at K, and the road to be carried 
over the faid dam ; the top thereof to be made up to the fame height as propofed for the 
aforefaid new channel from the canal to Rye. 

8th. The channel of Wincbeljea, from the new canal to Wincbeljea Sluice, for the pur- 
pofe of navigation, and alfo to obtsun a fufficient quantity of earth for the ncceflary 
ftrengthening of its walls, to be widened and deepened at the head of the new canal, to 
2 feet above the floor of the great fltfice, and to be carried upon an inclined plane, fo as 
to agree with the cill of Wincbeljea Sluice at that place j the batters of its fides, the height, 
ftrength and batters of its walla, to be the fame as propofed for the main channel fronrr 
the new canal to Rye. 


9th. That 
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9th. That in cafe the dtveriion of the land inten Ihsdl oec^on t^e out-^U of Wenme^ 
Sluice to choak up, then a new channel to be cut, and fluices erected, -ibr the difcharge 
of Wenway'% waters, ^bove tlie propofcd dam at £, into the Rather, 

loth. That in cafe of the total choaking up of the old harbour’s mouth, upon the 
diverfion of the rivers into the new harbour, as is to be expe£ted, then the proprietors 
of fuch ground as is to be gained hereby, lhall have liberty to few the fame into the new 
channel, by an out-fall fluice or Auices, to be crefted at their own cxpence, cither in the 
new dam propofed in die 7 th Article, to be fixed acrofs the old channd, near the new 
bridge at Rye, or to ereA the faid fluice or fluices in any more convenient part of the 
banks of the new channel adjacent thereto. 

1 uh. That in cale it fhould hereafter appear, forreafons I am at prefent unacquainted 
witli, to be more eligible to carry the Rather into the JVttuhelfea channel, -on the fouth 
of the town of Rye ; this appears alfo prafticable on the fame principles ; in which cafe, 
the fluice propofed at F, fhould be erefled near the place of the propofed dam at K. 


OPERATION of the foregoing conftrudions. 

AS the tide will be flopped in the refpe^ive channels by the fluices already erei^led, and 
propofed to be etedled thereon, I find by computation that the whole cavity of the faid 
propofed channels would be filled through the prefent opening the great fluice, in the 
time of a tide, to nearly the fame level within as without the great fluice, by a difierence 
or fall no ways prejudicial to navigation through the fame. 

That the faid cavity^, connuning near five times as much water as the prefent canal above 
the' fluiccv will be fu^ient for die fcouring of the outward harbour in dry feafons, as the 
land frefhes in rainy feafons will he fulficient of tbemielves according to all appearances. 
That the navigation forlightersj &c. up the Breade channel, vrill remain as it now is f 
aod that the navi^on td die channel win be put upon a fimUar fiioting^ that 

is, widi an opportunity of penning in fo much water by the land doors as lhall be fufiicienc 
ior navigation* Cttofiftentwtth drainage; that the navigation up the will not hereby 

be 
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be interrupted, becaufe ’tis propoied on tide of flood to take in as much water, above 
the propofed fliiice at F, as will float the veflels to Scotch Flat Sluice ■, but to fliut out the 
top of the tides, which will in efledb compleat the drainage of all the prcfcnt extenflve 
falts included within the crofs walls, propofed in Article 3. 

That the drainage of the lands by the five waterKngs, White Kemp, Guildford, and Wen- 
way Sluices, will be upon a better footing than heretofore, becaufe having little pen upon 
them from without, the lluices and banks will be fubjeft to lefs repair, and will admit 
lefs fea water in the drains by leakage, Ibakage, &c. and at low water will have a better 
difeharge, becaufe their out-fall channels will be lefs liable to flit. The new cut below 
will, in my opinion, be amply fuificient for all piupofes ; for though propt^d only 40 
feet at bottom, yet, according to the proportions given, will be 80 feet at top, at 10 feet 
depth } whereas the cut above Scotch Flat Sluice does not appear to be above 30 feet at 
bottom, the fum of all the openings of that fluice being but 26 feet wide, and yet 
through this capacity is difeharged all the fpring and down-fall waters from an extenfive 
flat and upland country. Again, though the fum of the openings of the propofed fluke 
at F is propofed only 1 1 feet wider than that of Scotch Flat, yet as the cills thereof will 
lay at a medium of 2 feet 3 inches below thofe of Scotch Flat, and about 4 feet lower 
than White Kemp, which is the loweft of the four upon the marfli wall; that before, the 
water ifluing at the fluke F can pen upon ^e Scotch Flat, or the four Mher flukes before 
ipecified, the capacity of the new fluice, taking width and depth together, will greatfy 
exceed the fom of all the reft put together. I mention thofe things noore particularly, 
becaufe, for reafons before g^ven, I look upon ail unneceflary widths, either in the (hiices. 
or drains, to be hurtful, it being to no purpofc to dig out canals merely for the fea fik 
to fill Up again. 

Fmuft alfo^here inentlon appthw* advantage^ to the drunage of the lands dependenron* 
thefluices beforemcauioned^ ancLihat 19, the danger o£ the lois of their prefeitc oac-feitt]i 
for though the land waters will always find a way to fea, yet it doee- not ftfllwv that it- 
muft be at fuch a perpendicular height or depth as is confiftent with the dnunage of the 
lands : this has actually happened in the courfe of a few years to the riyec at Bojlon in 
JJncolnpnre ; wheareas the new out-fall propofed will be always capable of^ maintaining 
its original goodnefs. And the fame reafoning will hold with relpeft to all the other 
levels which few into the old harbour of Rye. 

I am, however, of opinion, that the tides oi^ht never to be Ihut in by the great fluice 
aprons of any of the flukes for drain^e, at a time when any of the 
levels are underwater on occafion of rains or other down-fall. 


With 
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M^ith rcfpefl to the Ji'inchelfia channel, as an out-fall fluice, as beforcmentioned, has 
been erected tliercon, within the compafs of a few years, near the town of Wincheljcat 
which being very properly placed for {topping of the tides, I am of opinion that nothing 
further is neccflary than to ftrengthen the walls from the new canal to this fluice, as be- 
fore mentioned, and to keep this fluice in repair ; and that no additional fluice on the 
main channel, between tire aforefaid and the new canal, can be attended with any be- 
nefit to drainage, and will be an impediment to navigation up to the town of fVin- 
cbelfea. 

I am further of opinion, that no fluice placed to the eaft of the town of RyCy by way 
of taking in the tides into the channels, propofed as aforefaid, from the old harbour, 
can be of any ufe, bccaufe I expeft that the firft winter after the diverfion of the land 
waters, the mouth of the old harbour w'ill in a great meafure, if not totally, be choaked 
up by the fca. 

From my view of the works already undertaken, I find many things not yet corn- 
pleated, particularly about the harbour’s mouth, the pier heads and the wharfing pro- 
pofed to extend from the piers to tire great fluice, and many things that have gone into 
difrepair through length of time fince the work was done, and for want of letting the 
fea into the harbour iboner ; but as thole matters are capable of redification, I Ihall at 
prefent take no fiirther notice thereof, than in my eftimate of the expence that will at- 
tend it. And, upon the whole, 1 am of opinion, that when what has been and is now 
propofed, is duly executed, that there may be made and maintained 20 feet water at 
Ipring, and. 14 feet water at neap tides, from the fea up to the head of the prefent 
canal, and a proportionable depth as before fpecified up to the towns of Rye and fFin^ 
thelfea j and that for veflels, fuch as thofe depths of water will fuit, will be a fafe, 
ufeful, and commodious harbour, and therefore advantageous not only to the towns 
and country adjacent, but tovelTels trading through the channel, and therefore 
ufefol to trade in general. 

ttndwt February 16, 1763. J. Smsatok. 
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An ESTIMATE for complcating the harbour of Rye^ according to the plan and 

report of J. Smeaton. 


To railing the eaft pier head with ftone 5 feet higher than it now Is^ and 
coping the fame with Hone, contaifiing 4589 cube feet, at 3 s. 6 d. 
including cramps, comes to 803 /. and foi repairing the decayed part, 
fender piles, &c. 197/. ; in the whole, . . . . 

To raifing the Itone part of the weft pier 5 feet high and 4 feet thick, 
1080 feet, at 3/. 6 d, 189/. and for repairs of fenders. 

To compleating and making up the additional part of the weft pier, be- 
tween the ftone-work and new head, and for fixing a capftan upon the 
iaid head for warping out (hips, ... 

For repairing and backing up with rough ftones the wing, wharfing, ex- 
tending from the eaft ftone head into the beach frondng the eaft. 

To expences in clearing out the harbour’s mouth, fo as to be 20 feet deep 
at fpring tides, ..... 

To 2800 feet running of the wharfing, and fecuring the banks of the 
prefent canal from the prefent wharfing to the Iluice, at 2/. per foot. 

To repairs of the wharfing already done, ... 

To louring the aprons of the Iluice, above and below, with rubble ftone, 
containing 3500 tons, at 5 i. 

To making 4 wharf-wings for preventing the walh of the water from 
getting behind the wings of the Iluice, containing 140 feet running, 
at 2/. - - - 

To additional mechanifm, in order to make the drain-gates life with more 
cafe; ...... 

To carpenters and fmiths work in repairing and ftrengthening the prefent 
great gates, fo as to make them more lading. 

To capping over the piers of the Iluicc with Portland ftone, containing 
3797 feet, at ^s. 6 d. cramps included, ... 

To making a timber draw-bridge over the head of the prefent canal, for 
communicating the road as it i^ow palTes over the dam from Kyi to 
Hajlings^ ------ 

To digging out the channel from the new canal to Ryo^ containing 261653 
yards, at 

To removing the prefent dam, and making inch new ones as will be 
wanted during the progrds of the work, and making up the banks, at 
leaft to the height fpecified in the plan, - - 

To widening and deepening the Wincbelfea channel, and making up the 
hanks, as per fcheme, containing 49573 cube yards, at t\d* 
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£. s, d. 
16465 o o 


Brought over - 

To cutting a new canal to the north of the town of Rye^ from the 27 /- 
Ungham channel, at tlic point D, to the Rot her, at the point £, being 40 
feet bottom, 16 deep, and 9 furlongs in length, containing 249736 
cube yards, at 3</. - - - - ..3121 0 0 

To conftruding a navigable iluice and bridge upon the aforefaid canal, of 

37 A feet clear waterway, at the point F, « - - 1800 o o 

To erc^ir.g a timber bridge acrofs the aforefaid canal for continuing the 

road from Rye to the ferry, - - - - 5 00 00 

To making a dam acrofs the Rother below the point E, - - 800 o o 

To continuing a fea bank or wall from the dam at E, to marffi wall at G. 65 0 o 
To making a dam acrofs the united channels of IVinchelfea and Tilling^ 

ham, near the new bridge at Rye, at K, - - - 800 o o 

To erecting a navigable duice upon the Tillingham channel, above the 
ferry, as at H, and making a crofs bank, - - - joo o o 

To making a new drain 95 /. and out-fall fluice for Wenway Crook water, 

105/. - - - - - - 200 o o 

To contingent cxpcnces upon the whole, . - • . 2500 o o 

/. 2675 1 o o 

February, 1763* J. Smeatoh. 


SCHEDULE prapofed to be annexed to the Ad for finifhing the harbour 

of Rye. 

Manner how the harbour is to be hnlfhed and compleated, fubjed to 

alterations, as mentioned in the Ad. 

^T^HE channel of Wincbeljea^ from the north end of the new canal to the jundion of 
Tillingham channel near the town of Ryey to be widened, deepened and Hbaitened, 
ib as to be a medium of 50 feet wide in the bottom, each fide to batter at the rate of 
2 feet horizontal to 1 foot in depdi i the bottom to be fb dilpofed as to make a part of 
a plane regularly inclined, from the lowefi fell of Scotch Flat Sluice upon the Rother y 
as it was in the month of February, 1763, to the fdl of the great fluice upon the new 

harbour } 
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harbour; the banks or walls to be fct at leaft 40 feet, at a medium, fiom the brlrd:, and 
to be raifed 25 feet at leaft above the fell of the great fluice, to be 6 {'eet top, to batter 
2 and j to one towards the canal, and i and ~ to i landward. 

To widen, deepen and ftraighten the TtUingham channel from the point afjrefaid, 
fo far upwards as lhall be neceflary to come at a proper place of departure into a new 
canal, next hereafter mentioned. 

To make a new cut or canal to the north of the town of Rye, from fome convenient 
part of the Tillingbam channel aforefaid, to fome convenient point of the river Rather, 
the cut to be 40 feet bottom, to agree with the inclined plane aforefaid ; its Tides to 
have the fame batters as the former ; it’s banks or walls to be raifed to the fame height, 
to have the fame dimenfions at top, the fame batters and diftance as before deferibed, 
as far as the crofting of the prefent turnpike road which leads from Rye towards London ; 
but if any part of the ground ftiall not be fufHcient to allow the batters, flopes and 
diftance of the banks, before fpecified, then the Tides of the canals and banks to be 
wharfed up or otherwife fupported, fo as to preferve the bottom of the canal of the 
width before fpecified, and the banks to be made fufficicntly ftrong to hold in the watera 
to the fame height as before fpecified. 

A bridge to be built upon the lame turnpike road for crofting the canal, to conlift 
of three arches, one of 13 feet 6 inches wide, the others of 12 feet each; the large 
opening to be furnilhed with two pair of gates pointed to feawards, fo as to form a navi- 
gable lock, and onepair of gates pointed to landward ; the other two arches or paftages 
to be furnilhed each with one pair of folding or falling gates to feaward, and gates to 
landward. The fells of thofe gates to be laid even with the propofed bottom of the 
canal at this place. 

To fix a dam acrofs the river Rather, near below the point where its courfe Ihidi be 
diverted as aforefaid, and to ereft a Tea-wall or bank from the faid dam to fome con- 
venient point eaftward, upon the prefent fca-wall of the adjoining marlhes, and to carry 
another Tea-wall from the fame dam, weftward, to abut upon the aforefaid turnpike road; 
the faid dam and walls to be raifed to an equal height with the adjoining wall againft 
the faid marlhes; to be 6 feet at top, and to batter both ways as 2 and ^ to u 

A navigable fluice to be fixed acrofs the TtUingbam channel, at fome convenient place 
within half a mile of the bridge, at the ferry near Rye, of 13 feet 6 inches in the clear, 

(^2 with 
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with a pair of gates pointing to feaward, and another pair to landward, with draw Ihutdcs 
or flakers in the latter, and the walls or banks of the Tillingham channel, from the faid 
fluice, downwards, to its junction with th^ canal before defcribed, to be heightened in 
fuch manner and proportion as is defcribed for the main channel from the new canal to 
Kye. 

A dam to be fixed acrofs the prefcnt combined channel of Wincheljea and Tillingbamy 
At or near the prefent new bridge at Rye ; the top thereof to be made up to the fame 
height as propofed for the aforefaid new channel from the new canal to Rye, and to have 
the fame Hopes as the dam aforementioned, to be erefted upon the Rother. 

The channel of Wincheljea, from the prefent canal to Wincheljea Sluice, to be widened 
and deepened, fo as to be 20 feet in the bottom; to form an inclined plane, fo as to fall 
2 feet towards the new canal, from the fell of Wincheljea Sluice ; the batters of it’s 
rides, the heights and (lopes of it’s walls to be the fame as propofed for the new channel 
from the new canal to Rye. 

In cafe the diverfion of the land waters lhall occafion the out- fall of Wenway Sluice 
to choak up, then a new channel to be cut, and fluice erefted, for the difcharge of 
Wenway Waters, above the propofed dam, into the Rother. 

Proper bridges to be made for communication of the prefent roads. 


To CAPTAIN PIGRAM. 


S I R, 

Y our favour of the 9th inftant was duly received, and now comes in courfe to be 
confidered. As almoft two years finre I was at Rye are now gone over, without 
any progrefs being made in thofe additional works, which were reported abfolutely 
necelTary to be done for preferving the harbour, even in the ftatc I found it, it now 
behoves you to take vigorous meafures, and not be impeded by fmall matters, leaft 
you lofe the benefit intirely of what has been done. 

That it is neceflary forthwith to bring in as much of the back-water as you can 
procurei appears very evident from what you report, viz. that the new canal is fwerved 

up. 
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up, towards the head, 8 feet higher than when I faw it, which is very conformable to 
what you will find in my report, viz. 

" This canal alone, exclufive of the outer harbour, will take in above 200 fail of 
veflels, but yet does not contain a fufficient body of vtraier to produce the neceflary 
fcouers below ; and furthermore, this part of the canal being liable to filt up, by the 
“ depofition of mud brought in by the fea, will, in a few years, be choaked up, and 
rendered intirely ufclefs j the filt being gathered at leaft 4 feet deep at the head of 
the canal, fince July laft, when the harbour w'as opened. What therefore hpinci- 
“ pally wanting to complcat what I apprehend to have been the original fcheme, is to 
“ bring the land-waters and frelhes of three rivers, that now difcharge themfelves into 
" the old harbour of Rye, through the new harbour, by which means the whole will 
” be kept clear, as appears to me from the following reafons, See.” 

As I look upon the Wincheljea waters alone to be infufficient to preferve in the canal a 
requifite width of channel fufficient for navigation, the grand objeft is to get poffefled 
of the Ttllin^am water as foon as poffiblc j the natural courfe of proceeding is this. 

ift. To fecure the banks or walls of tlie Wtncbelfea channel from the head of the' 
new canal to JVinchelfea fluice. 

2d. To cut through the dam that at prefent divides the new canal from the Win^ 
chelfea channel. 

3d. To raife two dams acrofs the Wincheljea channel, one juft below, but as near as 
poffible the head of the new canal j the other as near as may be to it’s junftion to the 
Tillingbam channel, by which means you are enabled to dig out the channel, as di> 
refted, from the new canal to Rye. 

4th. This done, you remove the two dams, and, with as much expedition as pof- 
fible, raife the dam at New Bridge acrofs the united channels. 

By this management, you, in the firft place, become polfelTed of the Wincheljea' 
waters, towards making a fcour, and alfo that part of Wincheljea channel that lays 
between the prefent head of the new canal and Wincheljea fluice, to add to your refer- 
voir, when you pen in the fea water j and, in the fecond place, you polTefs yourfelf as 
early as poffible of the tUUngbem water, and of the great increafe of refervoir that will 

follow 
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follow upon opening this new channel and that of Dillingham. With thcfe two you 
wi!' iTiake fomething or a figure towards the propofed defign, and at the lame time 
bring up veffels to Rye by way of the new harbour. 

By this method of proceeding the communication of the Wtncbelfea and Dillingham 
waters muft ncccffarily be interrupted during the making this new channel j nor do I 
know any means of avoiding it, without cutting a frelh channel through frelh grounds, 
which would not only be a great additional expence upon the undertaking, but 
only partially remove the objeftion. If therefore the clamours raifed by the feamen 
and by the country on this occafion are to prevail, I would advife the Commiflioners 
at once to give up the undertaking, and fpend no more money upon it j for if the 
means arc not to be ufed, by which it is to be effefted, it is in vain to make any 
further attempts} but as I can fee no material or lafting inconvenience likely to arife 
herefrom, 1 will endeavour to fatisfy all reafonable and impartial perfons on this head. 

And firft,'with refpedt to the land owners upon the Wincheljea channel, thofe below 
the fluice will probably expedt to be overflown by the tides rifing higlier upon them 
from the new harbour than the old } bnt it appears, from my levelling notes, taken 
when there, that when the tide flowed 1 9 feet 9 inches upon the beacon or ftafl’, at the 
head of the new canal, it rofc within 8 inches of the fame level in the Wincheljea 
channel, on the other fide the banks, and that when it rofe to 20 feet 3 inches upon the 
faid beacon, it rofc within 2 inches of the fame level in the Wincheljea channel. Hence 
1 conclude, that in the greateft tides there is very little difference, or poflibly higher 
in the Wincheljea channel than in the new harbour, correfpondent to what is ufually 
obferved, that weak tides are much fpent by a long and intricate courfe, but when all 
obftrudtions are furmounted by a ftrong tide, that the motion, thus acquired, will lift 
die tides to a greater height in a river, at a diftance from the fea, than near it’s moudi : 
but however this may be in the prefent cafe, from the matters of faft above ftated, it 
appears that a much greater flow of tide is not to be expefted from the new harbour 
than the old. 

In regard to the fewage of the low grounds at low water, it is very evident that 
diis will be improved, becaufe the fall fluice at Wincheljea will then be nearer it’s out- 
fall to bw water at fea, and confequently it’s courfc being Ihortened, it will have more 
fall in proportion, and thereby penning lefs dead water upon the apron of the fluice, 
the water will difeharge itfelf fafter through the fame openings. It may poflibly be 
ol^edtcd, that the mud is gathered in the new harbour to a greater height than it’s 

prefent 
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prcfent bottom, at the fame diftance from the fluice, which will be an obltru^ion j but 
the land water will foon cut a channel through the loofe mud. 

I take it for granted, that whenever thefe waters are firft turned this way, a channel 
will be opened through the mud, which, once done, there is no doubt to be made 
but that the water will not only maintain itfelf a channel through the frelh mud, of 
as great dinicnfions as it does in the folid ground, but will even deepen the whole, 
on account of it’s greater rapidity. 

The fame reafons will alfo take place with refpeft to the lands that lie upon, or few,, 
by the Dillingham channel, both before and after their re-union with the Wincheljea ; 
becaufe, before they will have the whole channel to themfelves, and after they will have 
bodi a {hotter and a better. 

It therefore remains that I give my reafons why I don’t think the navigation will be 
fpoilt up to Rye Strand. 

The harbour or place where {hips now lie is intirely within the Dillingham channel,, 
and which they now {ind fulRcient j it therefore follows, from the eftablilhed laws of 
nature, chat the fame caufes producing the fame effe^Ss, the Dillingham waters will 
maintain the fame channel below the new bridge that titey do above. 

It may be objefted, that the united channels below the new bridge, being wider 
from the union of the two rivers, this channel may grow more {hallow, as well as 
contraft in width ! I am of opinion that it will notj for fince there is conftantly matter 
floating in the water capable of choaking up all the channels, if the land water did not 
drive it out and keep them open, why does not the DiUingbam channel widen and 
grow more {hallow ? but fuppofe the channel was to grow fomewhat more {hallow, yet* 
for the time, it will be wanted the fame expedients might be made ufe of as is done in 
feveral other channels, viz, a hedgehog to raife the mud occafionally, till the fides 
have contrafted themfelves to proportionable width. Some fmall alteration in point of 
width may alfo be expefted at the old harbour’s mouth, but as the effeft can only be in 
proportion to the caufe, if we compare the body of water, either coming down or lodged 
in that part of the Wincheljea channel, from the new bridge to Wincheljea fluice, with the 
whole body at a full fea, we {hall find the proportion fo final! as to be almoft infenfible 
in its effefts } but if by the objeftions made by the matters and owners of flnps at Ryc^ they 
mean that the prefent channels are not to be diverted or altered till the mouth of cite new 

harbour 
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haibour is efTeclually fcouitd, and every thing ready to bring up (hips to the town 
of 7 «.V by the new harbour; as this is in the nature of the thing impoflible to be done but 
by means of the divcrfion of the faid channels, they thereby defire that the effeft nnay 
precede the caufe, which being contrary to nature, they at once ftrike at the root of the 
undertaking, and therefore, as I have already (aid, if thefe arguments are to prevail, the 
beft way is to give the thing over at once. 

A great deal depends upon the expedition with which the(e works are performed ; for 
if, while the new channels htj digging, the new haven is contracting in width, for want 
of a fiifnciency of back water to keep it open, by fuch times as they are compleated, 
the new haven will be afrefh to dig, and the work become endlefs, 

Diflerence of circumftances alter cafes. Two fummers are now elapfed (ince mjt- 
fchcnie was made, and 8 feet more of mud in the new canal ; it is therefore not only necef- 
(ary to purfue vigorous measures, but to take fuch methods in performing the work as may 
the fooneft put it in a ftatc of maintaining itfelf ; I would therefore, at the firft outfet, ad- 
vife, that the new channel from the new canal to Hj'e be not dug but 35 feet, or at moft 
40 feet bottom, with (lopes as deep as they will (land, as fuppofe i to 1 according 
to the quality of the matter, but never deeper than i to i ; fuch a channel will anfwer 
all the purpofes of navigation effedually j will fave a very confiderable fum in the fird 
condruCtion j will fave a good deal of time, which is now become very valuable, will 
fooncr bring the utility of the undertaking to a proof, and will be as large a channel as 
the Tillingham can in any degree maintain ; which will dierefore prevent its fwerving and 
contracting in width, while the other channels are compleating for bringing in the 
Rather ; and when that is done, in cafe the rivers themfelves do not make it of the 
width fudicient, it may be compleated by tide work, after the more necelTary parts of the 
work are brought to bear. Nor is there any doubt but that in the mean time it will 
take the Rather and 'Tillingbam land waters, as the former go all through Scotch Flea 
Sluice, which it has been remarked is no wider, all the palTages taken together, than 
c 6 1 feet ; and as to the Tillingbam, its capacity when the tide is checked by the fluice 
propofed to be built thereon, will be contained in one of the dopes, for even a 35 feet 
bottom, with the deeped batters, will produce a 65 feet top, and a 40 feet bottom, with 
batters of i to will produce a river 85 (eet at the grafs. 

It will here be naturally enquired, whether I would build die fluice propofed upon the 
Tillingbam, before it is made to communicate with the new harbour ? I anfwer, not, for 
as the tides will go up in the fame manner, whether proceeding from the new harbour 
or die old, the uie of that fluice will be endrely to check the ddes from coming in too 
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rapidly at the great fluke by haviirg too much room to expand j but as this v» ‘.rl rot be 
the cafe till the communication with the is made, till then it will be ifibrtil by 

enlarging the refervoir. 

With refpeft to the works at the harbour* s mouth, you know it was alw:iys m> 
opinion, that an attempt to flop the beach ablblutely from moving from the weft towards 
the eaft would be a fruitlefs and endlefs talk ; for let the groins be extended to what length 
they would, they would fill with beach as faft as they could be raifed, and the overplus 
drive over into the hiu-bour’s mouth j I therefore thought it beft to let the beach drive 
away gradually as it came, and in confcqucnce that the extenfion of the weft head could 
be of no further ufe than to (leer the beach clear of the eaft head till the wind came fo far 
out to fouthwards as to tend to heap up the beach upon the Ihorc, rather than drive it 
along the coaft, which end feemed to me very fiifHcicntly anfwered by the pier as it 
ftoad*when I faw it, efpecially with the low groin extended therefrom fouthw'ards ; for it 
always I’eeined to me, that in cafe the pier was carried out further than ablblutely nccef- 
fary for tliis purpofe, that the quantity of beach that will always be left fcattered about the 
mouth of the harbour, after every fouth-wefterly gale of wind, as it were in its palTage, 
will be too far in the expanded fpace without the eaft head, to be carried out by the 
fcours, and then a foutherly or fouth-eafterly gale brings it right into the harbour : 
thefe have been my notions about this aifair, and which have been before exprefled. 

But as I have not yet found any folld ground-work, upon which 1 am able to deter • 
mine how the fea will ad in all pofliblc cafes; and as you have been pleafed to try the 
experiment of a different piocedure, I would advife you not to lower thole groins till 
you arc very fure they are upon the whole hurtful ; and if fo, the thing determines itfclf; 
confiiler alfo, if hui tml to the harbour, how far they may be beneficial to proted the 
beach from being carried away to the caftvvard of the call pier, or how far that may be 
proteded by other means. It is one thing to advife an eredion not to be made, and 
it is another ro adv^lfe its demolition when made, before it has been fufnciently tried. 

You further inform me, that the old timber wharfing, by getting bare, tumbles down 
fafter than they can put it up new. Let me once more recommend to you the ufe of 
rubble ftones for defending the fides of your liarbour inftead of timber, not walled, but 
thrown in fo as to form a natural Hope. The effed tliereof on many repeated trials I 
have never found to fail ; and I may fay that I faved the two piers of London Bridge^ 
whereon the great arch refts, from being undermined, and thereby the arch from falling, 
the very feafon I was zx.Rye. 1 am of opinion, that had 300/. been applied in time in rub- 
VoL. I, R blf 
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ble {lone behind your eail pier, as mentioned in my eftimate, that it would have fared, 
greater expences, and been a lading repair ; but this, as well as feveral other derange- 
ments that happened in the mean time, I fuppofe mud be imputed to the unfeafonablc 
doppage of the bill the drd fealbn it was applied for. 

I am, with great refpedt to the Commiffioners> 

SIR, 

Your mod humble iervant,. 


J . Smeatok. 


Jbifiharpet December 29,, 1 764. 
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RIVER WENT. 

Minutes of a view of the river Wenty by John Smeaton. 

TTAVING taken a view of the river Went, Torkfiiire, from Went's Mouth to Norton 
Mills, there appears to me a fufficiencjr of fall for draining not only the val- 
ley of the river Went, but of thofe lands that have their fewagc into the fame, and which 
appear to be of a very confiderable extent. It appears to me, alfo, that the principal 
defeats of the prefent drainage, arifes from the great crookednefs of the river, joined to 
its being too lhallow, and a general want of capacity for taking off the water from fo 
great a tradt of country; the out-fall fluice is alfo of too fmall a capacity for the drain- 
age of fuch an extent of country, but feems nearly adequate to the prefent drain ; the 
mechanifm of its prefent doors, however, is very defeftive, and they are too low. The 
river Dunn*s water having over-topped the fame, the banks near the fluice, Avhich ought 
to defend the valley of the Went from the floods of the Dunn, being too low and out of 
repair, have luffered great quantities of water in the late floods to pafs into the fame. 
The drainage of the Went's Valley is further annoyed by an influx from the river Dunn 
in time of great floods, through a low flade of ground between Erafit Common and Flax- 
ley Carr, and from thence proceeds down by way of a drain called the Fleet into Went, a 
little above tofham Ferry ; for as Erafit Common is frequently overflowed by the land 
floods of the Dunn, (and fomcrimes even by high tides, according to my information,) 
and as Afis Carr, which borders upon Erafit Common, and is the higheH part of the 
flade, lays lower than the furface of the dam in high floods, the water makes its way 
through the drains and hedges in great quantities into FlaxUy Carr, and from thence by 
the Fleet Drain into the Went as aforefaid. There feems to have been formerly fome at- 
tempts to have prevented the water of . the Dutm from taking this courfe, by railing a 
fence bank fomewhat more confiderable than common, between AJh Carr and the in- 
clofures that lay eaft and north-eaft thereof, which fo far at prefent anfwers the purpofe, 
that by raifing dams with fods, &c. in the gateways and low places, a great deal of 
water was prevented from palling, that otherwife would have palled this way during the 
great floods, lafl Chriflmas ; and, was this bank railed, fo as to be of fuflicient height 
and ftreogth, would elFeAually anfwer the' purpofe ; but the fame purpofe would be 
more conveniendy anfwered by conflrufring a new bank, with proper tunnels, for the drain 
aciofs the head or foiith end of AJh Carr, from the inclofed ground that lays upon the 
weft fide thereof, and abutting upon Erafit Common, extending the feme along or paral- 

R 2 lei 



[ 3 


lel to the feoth hedge of the inclolure, on the eaft fide of AJh Cartt which alfo abuts 
upon Brafit Common^ to the fide of Brafit Fields^ being in length, by eftimation, about 
a 50 yards : this bank, in one pofition or other, not only appears neccflary for fecuring 
the drainage of the Wmt's Valleyy bijt will greatly improve that of a cbnfiderablc tracfb 
of land laying in the flacle aforefaid, particularly about Flaxl^ Carr, which, except a 
part ol' the top waters which are run off down the Fleet into IVenty and by another 
drain leading to the outfide of Syke Heuje Bank to the fouth end thereof into the 
Dumty depends altogetlier upon a fmall tunnel called Hell Wicket doughy no more than 
8 inches by la^, for running ofF their bottom waters through Syke Houje Bank into the 
internal drains, and tlience into the 'Dunn by Black Sea doughy which clov^h runs three 
days on the decline of a flood before HeU Wicket dough is opened. It further aj^ars 
to me, that the drainage of Brajii CommoHy and the lands dependent thereon, will re- 
ceive no prejudice by the bank before propofed, becaule Brafit Common lays fevcral feet 
lower than AJh Carry both which drain the contrary way, or fouthward into die Dunuy 
the preient fence bank before mentioned being the line of partition of the two drain- 
ages, at all times, except in extraordinary flopds as aforelaid. 

Although from this view now taken, I am convinced of the pradlicabflity of draining 
the valley of the Wenty yet the depth and capacity of its main drain, together with the 
requifite height, and dimenfions of its banks and fluicc, cannot be afeertained without 
an a6tual level taken thereof ; and, in order to afeertain the quantity of land concerned 
in this drainage, as well as the general diredions and length of the drains to be new 
conftrufted or amended, and thereby to come at a corredt eflimate of the fame, it will 
be necelTary to take an aftual furvey of the river Wenty from its mouth to Norton Milly 
deferibing the banks, fiuice, and main drains that ^1 into the fame, upon a fiifficienc 
fcale to exprefs the particular loops of the river ; and allb an outnng or flood line of 
fuch parts of the feveral lands that drain into Wenty that are lidile to be flooded there- 
by, or for want of a fufliclent fall into the fame ; which outring does not need to be 
traced with that correftnefs, that the river itfelf ought to be laid down, but preferving,. 
however, the general bearing between the river and its correfpondent part of the out- 
line. The talking of the levels I can myfelf undertake, if. the gentlemen concerned 
defire it, the furveying part I would recommend to be done by a fitUful land fiirveyor. 

Womrfi^y 31ft March, 1764. j; Smteaton. 

N. B. As the {vtfisnt jriver 1$ wanting in capacity, and its courle fo meandering that 
itis Bkdiy fo-teoaflaie byffl ]ooq[>s double the right line, I apprehend it will be lefs 
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expMce to make ft new cut the greats part of the length, than to fuiBdently enlarge 
die prefent river, which cut may be fo contrived as to ftrike a general mean between 
die propwdes^ 


MINUTES taken upon the River in levelling the fame, from the River 
Dum, at fTe/i/’s Moutht to Ntrttm MiUs^ the 7th, 8th, and 9th of May, 1764^ 
by John Smeaton. 


Places of obfervatioii« 


From the furface of the river 
Dunn to the thfcfhoW oilVcnt^s 
doors, which was 7^ inches 
under the W’ater’s furface 
tlicre, - - - 

From doors to Hooden 1 

Dyh, . . . j 

From ILodcn Dyke to Bazvn 1 

Crofts ... 5 

From Bi.rMn Croft to Tofham 1 
Ferry, , . . J 

From Topham Ferry to Lake's 1 

Mouthy - - j 


From Lake's Mouth to Ckugh 
Bridge, at the low corner of 
Norton Common, 


'^1 


From Clough Bridge to the! 
departure of the iVent from > 
Stuhb's Common, - j 

From Stuhh's Common to Nor- 7 
ton Bridge, - - j 

From Norton Bridge to the 7 
floor of Norton Mill Race, J 

From the river Dunn to Norton 7 
MtU, - - 5 


Rife of the ri- 
ver’s furfaqe. 

Widths taken 
at promifcuQUs 
places* 

Depths taken at 
promifeuous 
places. 
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Hence it appears, that from the floor of Norton MiU RaeOf to the fljrflice of the dver 
If^t at Clough Bridget there is a fall of 7 feet 4 inches, and from thence to the threlhold 
of Wient doors a fall of to feet 10 inches, which added together make a fall of 18 feet 
2 inches from the floor of Norton Mill to the threlhold of Went doors, and from thence to 
the furface of the Dum, there was a fall of 10 inches ; but as it was a neap tide, and not 
then low water, 1 fuppoie the Dunn would ebb a foot lower, fo that from the tail of Nor- 
ton Mill to low water in the river 2 )««« at Went*s Mouth at a neap tide, in fiimmer, wc 
may reckon a fall of 20 feet. 

The dimenfions of the fluice called Went't doors, are as fl>llow : 

feet, inches. 

The width between the walls at top is - > - 12 o 

Ditto at bottom - - - - 10 o 

' The width of the opening between the gates at top is ..87 
Ditto at bottom - - - - - - 7 3 
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WOMERSLEY DRAINAGE. 

The REPORT of John Smeaton, Engineer, concerning the 
Drainage of the low grounds in the manor of Womerfiey^ belonging 
to Stanhope Harvey, Efq; 

TTAVING taken a view of the lordlhip of WmerJlejt with refpeft to the dranage 
thereof, the t6th and 17th of July, 1764, it appears to me as follows. 

ift. That the middle of the manor, duough which the drun called Bradley Byke 
pafles, is in general the loweft part thereof. 

ad. My own oblervation allb agrees with information, that the piece of ground called* 
Bradl^t is the moft liable tobe flooded of any in the lordlhip. 

3d. That from the run of the water in Bradley Byke^ which in many places is prettjr 
quick, at the fame time that this drdn is narrow, (hallow, crooked, and much ob- 
ftrufted, there feems to be a fall feveral feet in the courfe thereof from BraMty to 
the brook called Lake. 

0 

4th. That there is alio a confiderabk &11 from the mouth of Bradley Dyke, to the be* 
ginning of Mr. Yarborough’s lands, bordering thereupon at the Calf Garths. 

5di. That the fewer called Bhmell, which in general Ikirts the lordihip on the north, . 
and falls into Lake at the eailermoft point thereof is very well calculated: to anfwer the 
purpofe of a catch-water drain, to carry off the barrier waters, widiout fufferii^ them to> 
pais into the internal parts of the manor ; but pafling in general through higher lands 
feems not well adapted for a mun drain, except for. fome particular parts,., which will, 
hereafter be pmnted out. 

6di. That the rivulet called die Beck, whole continuation after it joins Bradley Dyke is 
called Lake,, and which makes its way through the foudiern fide of the lordihip,, is in 
like manner well calcidated for a catch-water drain; but as the Beck fikewife paflles 
dirough higher lands, and alfo carries the fprings and flood water from die upland 
country, it is therefore lefr adapted for the purpofos of a nufoi drain for the interior parts, 
of the manor. 


Hence 
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Hence I am of opinion, that the lordihip in general will be drained in the beft man- 
ner by a middle drain, caloylated more effeftually to . anfwer the purpofes of the fewer 
called Bradley Dyke. 

In order to give this drain all the confequence poOible, I would propofe its out-fall 
to be as low as may be, that the declivity in the Lake arifuig from its being loaded with 
the upland waters, as well as from its crookednefs and want of drelTing, may be in a 
great meafure avoided. For this purpofe, I would recommend that the out>fall of the 
new drain be carried down to the eaftermoft part of an inclofure, called Old Ing Springs 
that'is, to the commencement of Mr. Yarborough’s lands, which begin with the 
Calf Garth next adjoining ; from this point I would propofe to carry the new drain to 
Bradley, as much as may be in a right line, without interfering with other property, to 
pafs as much as may be through the lowcft grounds, and lb as to be as central as pof- 
fible i with this view I would propofe to carry it from the eaftermoft point of Old Ing 
Spring, marked in the plan a, obliquely for a few rods till it meets the hedge- row be- 
tween tlie Old Ing and Old Ing Spring, and to follow that hedge-row to b, from thence 
to pafs in a ftraight line to the fouth-eaft corner of the Sndgels at c, to follow the feuth 
hedge thereof to d ; from thence in a ftraight line through Bell Fields, Stocking Pohill 
Spring, and Stockings, to the fouth-weft comer of Ox Stockings, between Gray/on Clefe 
and Bradl^ Dyke at e j from thence in a ftraight line crofs Broad Oak Spring Clojes and 
BroadOak Spring, to die point /, between Mr. Saville and Lady Belt’s lands j from 
thence in a right line crofe Hodfison Crofts to the road, and to crofs Broi^ Dyke, 'z lietle 
above Bradl^ Bridge, to the Sedgells, ttgi and iroai thence in a right line, fo as to avoid- 
Bradl^ Dyke, into Bradley, at the eaft corner thereof at h ; from hence branches may be car- 
ried at diferetion to the more remote parts of the lordfliip, as for example, one from 
h, Mrrofe BradAey weftward, to i, and from thence crofs low moor to k, where it will re- 
ceive the waters from the iprings riling near that point, and ahb will conveniently re- 
ceive the drainage from Northings. Another branch may be carried from the laid 
point k, crofs Brcidl^ north, through Pipper Carr, and the reft of WoocBsatl Farm, to 
the point /, where it is calculated to receive the down-fall waters from the large piece 
of low ground called Gale, 

With Fe^)e& to Bhwell, the Beck, and Lake, 1 would advife them to be continued in' 
their prefent courfe^ and their baniis to be made up, and ftrengthened where neceffary,' 
towards the interbr pints of the loriHhip, in order to keep out the barrier waters from 
ponetrating tfiither, a«td lihereby not only contributing to ftood the lands, but to toad 
the internal dnun. ' ' 


The 
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The bottom of the propofed drain at its out-fall, I would advife to be made as deep as 
the bottom of the Lake thereabouts when fcoured, and to be carried upon a dead level to 
about the length of Stocking Pohill Spring-, from thence to advance upwards upon a regular 
inclined plane, lb as to be full 5 feet deep on entering Bradley at the point to be 6 feet 
wide in the bottom, and the fides to Hope or batter i foot backwaj-ds in 1 foot high ; 
fo that fuppofing the mean depth -to be 6 feet, it will be 1 8 feet wide at top, ami there 
will be 8 cube yards in i yard running, and in every acre of 28 yards long 224 cube 
yards, which at per yard will coft 28 j. an acre, or jij. per yard running; that is, 
88/. per mile, and for 2 miles and i furlong, which is the length of the propofed drain 
from the point a at Lake, to b in Bradley, will coft 187/. exclufive of clearing tl'.c 
ground of wood and roots, and exclufive of fuch bridges as may be neceflary where the 
roads crofs the fame, wliich are four in number. 

The branch drains need not be above 4 feet bottom, carried upon a regular inclined 
plane, fo as to be at their upper end at Icaft 4 feet below the furface of the lands to be 
drained thereby. 

• \ 

That part of tlie lordlhip about Wye Lands, Kideeats, &c. which now drain into 
Blowell, will drain much better into the new propofed drain, by a crofs cut from Soutb- 
Lane, through Katele's Crofts, to the drain between Bell Fields and Hare Springs j but the 
lands lying more eaftward about Mitcbel-Lane, may continue to drain into Blowell, being 
by this road nearer this out-fall, provided the obftruftions between Hcdjham Garths, 
where this drainage comes in, and the out-fall of Blowell into Lake are eSeftually re- 
medied, and that drain deepened from the bottom of Warfield Wood upwards to the 
faid point, in which (pace a good deal of fall is at prefent loft. 

Thefc methods fteadily purfued, and ftriftly adhered to,, will in my opinion put the 
lordftiip in as good a capacity of drainage as it is capable of, and which will be fully 
effeited when the river Went is made a fulficient fewer for the general drainage of the 
lands lying thereupon. 

N. B. The bufinefs herein attended to is the main drain and the diverfion of the bar- 
rier waters ; but it muft be underftood, that the benefit arifing therefrom cannot fully 
take place till the fmaller ditches and fewers that divide and interfefl the lands are tho- 
roughly fcoured, and fuch further crofs cuts made to lead the water from low places by 
the moft direft road into the main drain, as experience and further obfervation lhall 
Ihew to be neceftary. 

Wmerfiey, iSthJuly, 1764. J. Smeatok. 

Vot. I. 
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MISTERTON SAS and SNOW SEWER. 

The REPORT of John Smeaton, Engineer, upon the cafe of Mifitr - 
ton Sas and Snow Sewer Draitit belonging to the honourable the Par- 
ticipants of Hatjield Chace^ fro'm a view taken thereof 1:4th AuguR 
1764. 

TiAlS'XERtON SAS is the out-fall fluice of the river Idle, built upon Vicar's Dyke, 
^ about half a mile from the Trent. This fluice is furnilhed with two pair of doors, 
botli pointed towards the Trent, fo as to compofe a lock for navigation of vcflels, ferv- 
ing them to pen from the tide water into the drain, and thereby occaflon either pair of 
the doors to be fliut. The neat width of this fluice is 17 feet 8 inches, and its height 
above its threfliold a little more than 16 feet. The queftion concerning it is,, as I ap- 
prehend, whether an addition of water-way at the Sas, in time of floods, will be of fer^- 
vice in reducing the height, and confequently the weight and preflTure of the water at 
thofe times againft the great bank called Vicar's Dyke Bank, which defends the level of 
Hatfield Cbace againft the floods of the river Jdk, 


OBSERVATION S. 

I ft. The thne that I was at the Sas the tide was out, all the doors open, and die land 
water had its free courfe through the fame ; the depth of water running over the threlhold 
of the doors to landward was 4 feet 7 indues, and the water’s furface had a fall from 
head to tul of the fluice of above 4^ inches, confequently the threlhold of the doors 
to Trentward were below the furface of the tail water 4 feet 2^ inches. 

ad. Being met at x!at Sas by Mr. William Crompton, he having made feveral 
exaft obfervadons upon the ftate of the waters here during the courfe of laft- winter, in- 
formed me that the aift of May laft (which was the day before the moon quartered) he 
obferved that the tide rofe at the Xyent 5 feet before it fenfibly rc^e at the Sas, the tail 
water at the Sas being dien die fame height as this day, viz. 10 feet 10 inches below the 
S. £. corner of die land wall at the Sas-, now had there been no run of water throug^i 
the Sas, Chen the water would have been upon a level from the Trent to the Sas, and of 

confequence. 
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confequenccj it would have appeared that the threlhold of the fluice would have been 
inches higher than low water maik at the Tire;;/; but as the run of water through the 
fluice was then confidcrable, as it was this day, it follows that as foon as the water be- 
gun to find any ftoppage at the fluice to its difeharge into the tail drain by the rifing of 
the tide, that the water at the fluice would begin to fwell or rife, tliough it ftill preferved 
its motion downwards, and confequently that it would begin to fwell before ilte water 
of the frent was got up to the fame level ; now if we allow 2 or 3 inches for this de- 
clivity from the Sas to the frmU which mufl: be added to the former 9^, we (hall have 
about 12 inches that the threlholds of the fluice lay higher than low water mark at the 
Trent. 

■ 3d. Mr. Crompton alfo (hewed me a mark that the land waters were at on the head 
of the fluice the day before the bank broke at Me Stop laft winter. This mark I found 
to be 5 feet 5 inches above the prefent head water, and confequently (allowing 4^ decli- 
vity on on the tail) 5 feet 9-t inches above the prefent tail water. He alfo (hewed me 
a mark, being the height of the water then in the tail of the Sas, when the doors were open 
and running with a full bore} and this mark 1 found to be 5 feet i f inch above the tail 
water, confequently the fall of water at the Sas was then at its greateft ftream 8 inches. 

4th. The width of Vicar's Dyke, at a medium between the Sas and Me Stop, was about 
38 feet at the water line, the depth at a medium from 3 to 4 feet, and the water having 
a fmart run all the way, I fuppofe by eliimate that the fall of water from Idk Stop to 
Mifiertm Sas was at Icaft i foot per mile ; that is between 3 and 4 feet, as I eftimate the 
diftance between three and four miles. 


DEDUCTIONS. 

AS it appears from the preceding obfervadons, that the pen or head of water ae 
MJlerton Sas, occafioned by want of capacity, never exceeded 8 inches in die gitateft 
extremes of floods j hence it would feem that die flood water was never rafed more than 
8 inches higher than it would otherwife have been, had the Sas been as wide as the river; 
and this conclufion would be quite juft, in cafe die flood water had been on 
both Tides, fo as to be obliged to go off as flift as it came down 1 but as it was at liberty to 
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ipiead over the lands, where it did not find a palTage to its out-fall lb fall as it came 
down, it muft keep accumulating till the difeharge was equal to the influx. 

Now it muH be allowed that had the Sas been of a greater capacity, it would have run 
a greater quantity of water upon a given declivity ; confequently, from the firft approach 
of floods by continually running more water, the accumulation would have been Id's, and 
the rife of water lefs againft the banks, which in all probability would have preferved 
them from breaking at Idle Sicp. It is by no means however hence to be inferred, that 
though the fluice had been as wide as the river, that the floods would have been carried 
olf as faft as they came j for, in the firft place, whenever the Trent floods or tides over- 
rode the land waters, the fluice could not run at all, let its capacity be what it would ; 
and at other times, as the efFcdts depend jointly upon the capacity of the fluice to dif- 
charge, and upon the drain to bring the waters to it j and as Ficar's Dyke appears to be 
defective in point of depth, it muft have had a confiderable fliare in the obfti u(ftion : for as 
from obfervation the 4th, tliere appears a confiderable fall from Idle Stop to the Sasy this 
cannot be otherwife occafioned than by a rife of the river’s bottom, which thereby holds 
up the water, and muft obftruft its free paflTage in all degrees of floods : whether this 
obftrudion has gradually arofe by means of weeds, &c. or it has been originally made fo, 
may be a queftion ; but we may reafonably fuppofe it was originally made fo ; for was 
this part of the river deepened, it woukl draw off the water from the higher parts of the 
river in dry feafons to a greater degree, fo as to incommode the navigation, and perhaps 
at fomc times to put an entire flop thereto for want of water over the flioals above. 

Upon the whole, then, I look upon the enlargement of the water-way at Mifterton Sas, 
to be an advifeable ftep, and that it may be done in a proper degree relative to the drain, 
even upon a fuppofition that it was deep enough, we are to enquire what capacity the 
fluice ought to have had. 

The width of the drain 38 feet at the water line, fuppofing it to cai'ry 3 feet water, it 
will batter 3 feet each fide, and will have a 32 feet bottom : this ought to have been the 
width of the water-way, fuppofing the threftiolds laid as low as the water-mark. The 
greafeeft extremes of floods rile -per obfervation 10 feet above the threfholds of the fluice, 
and confequently 1 1 feet above low water mark, fo that 1 1 feet multiplied by 32, the 
proper width, given 352 feet area,,fe>r the water-way j but lo feet the prefent height, 
muldpltedby 17 feet$ inches, prefent width, gives 177 feet area nearly j which, being 
nearly hillf of the foraoer, it fliows that the prefent water-way Ihould be doubled, if laid at 
the fsnae> depth. 


This 
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This enlargement may be made three ways : 

1 ft. By four draw-gates of 4 feet 6 inches wide each. ad. By two pair of pointed 
doors, placed near together, one pair pointed to TVew/, the other landwards, which latter 
may be gaged to the height requifite for navigation. 

3d. By one pair of doors pointed to Tm;/, and by a fixed over-fall or weir, gaged to 
the height neceflary for navigation. 

The doors in the 2d and 3d metliod may be the fame width as the prefent S( 7 s, the 
threlhold being laid at the fame depth, or about 1 6 feet wide if laid down to low water 
mark ; but in the 3d method, fuppofmg the height neceflaiy for navigation to be 5 feet 
above the prefent cill, then tlie length of the crown of the over-fall muft be 35 feet, for 
then when the floods rife 5 feet above the top thereof, there will be 1 75 feet area of water- 
way, which, with 177 feet at the Sas, will be 352 feet, as required. 

'I'he firft method has preference in point of expence, but the gates will want opening 
on the approach, and Ihuttlng on the decline of a flood j and as thefe are not fudden, oi- 
of very Ihort continuance, may eafily be done. 

\ 

The fecond method will be nearly as cheap as tlie firft, and will need attending at the 
fame time. 

The tliird method will be fomewhat more expenfive than either of the former ; will 
be preferable cn account of needing no attendance ; will do the fame ofiice on the ex- 
tremes of floods ; but w'ill be of lefs fervice in difeharging the water on the decline of 
floods j which, thougli of no immediate confequence to the banks when below a certain 
height, yet in cafe of fuccceiHng rains, the nearer the former are run offi the more 
room for thofe that follow. 

That the third method will be inferior in point of difeharging water on the decline of 
floods, appears thus : fuppofe the water reduced fo as to make i foot over the crown 
of the weir, its area of difeharge will then be 35 feet, whereas it would make 6 feet over 
the threlhold of the gates or doors, and upon 17 feet 8 inches wide, 106 feet aica: the 
weir indeed is n(<t confined to 35 feet long, but in this cafe it would be required ne..* . ', 
three times as Icng to do the fame thing. 

The ready difeharge of the water on decline of floods will be very beneficial to 
drainage of the lands, which drain into Idle or Vicar's Dyke, and therefore ouglrt to ' 
tribute if done bn that principle. 
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ON SNOW SEWER. 

'I'HIS drain leads the down-fall water from that part of the level adjacent to Ms 
S(opy &c. on the fouth fide of the ifle of Jxholme, to a place called Ferry, wliere there 
is a fluice called Ferry Sluice, by means of which the water of this fewer is difeharged 
into the river Trent, and is the higheft fiuice upon the river belonging to this level, 
and confequently has the lc.;fi: natural fall ■, it was however neceflary, on account of the 
drainage of that part of the level laying on the fouth fide of the ifiand, the high land 
of which abuts caftward on the river Trent, and thereby prevents a natural communica- 
tion of internal drains to cairy the waters of thefe parts to a lower point upon the 
Trent, widiout carrying tlicm a great way round about the well end of the ifiand. 

This drain is from 1 5 to 20 feet wide at the water line, and when I was there carried 
a fiill body of water, which at three miles diftant fi-om the fluice had for the moft part a 
flow run, except in fomc places where it appeared to be fanded ; there the motion was 
fomewhat more lively ■, but as the drain was in moft places horfe belly deep, quite free 
from weeds, and no capital obftruftions, there appeared upon the whole to be no re- 
markable lefs of fall. As we approached nearer the fluice, the water was in a manner 
ftagnant, die doors being Ihut by the tide : in this ftate, the water was juft beginning to 
get .upon the furface of the commons from a mile to a mile and a half weft of the fluice, 
which hence appears to be the loweft. I obferved at the fame time that the water was 
2 feet 6 inches deep upon the land apron of the fluice. 

The fluice confifts of two doors of S feet water-way each ; but the tide being in, and 
the fluice-keeper abfent, there was no coming to the knowledge at this time how the 
threfliolds of the fluice lay with relpeft to low water mark in the Trent j accordingly 
orders were given that this Ihould be taken at a proper opportunity, and the following 


were in confequence fent me. 

Feet. 

Indies. 

Above the threihold, *■ 

St 

2 

On the floor. 


9 

The &11 of water. 

5 

9 


Mr. Forster fulped^ii^ die above might not be rightly taken, defired me to over 
ftgain, but^ being ei^^i^ed at that time, fent my clerk, who took the levels ^ 9th of Sep- 

temb^. 
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tember, being the day before the full moon, and confequently between the neap and 
Ipring tides : his account was 

The furface of the water in the ^rent at low water, above the top of Feet. Inches. 

the threlhold, - - - - - - -02 

Thicknefs of water going over the threfhold, - - -06 

He was further informed that at dead of neap the furface of the 'Trent, at 

low water, was lower bjr- 

From the laft obfervations it appeal's, that the tlirelhold of Ferry Sluice lays higher than 
low water mark at dead of neap (which here it feems makes the lowed v/ater) by 
4 inches j and allowing 7 inches for the height of the threflsold above the floor, (ac- 
cording to the former obfervations) and taking this from 3 feet 6 inches (meafured by' 
myfelf) upon the land apron, there will remain a feet 1 1 inches defeent from the fiii face 
of the lowed lands to the threfliold of the fluicci and 3 feet 3 indies from ditto to low 
water mark, neap tides. Hence it appears, that as the fall is but barely fufiicicnt to 
fumifh the means of drainage, the whole ought to be confti’uded upon the nic-.il pi iu. 
ciplcs,, and kept in exaft order. 

It does not appear to me, diat any great matters can be done till the fluice is rdivilt, 
furdicr than an cfFedua! fcouring.of the drain, and deepening whcie found necdfaiy ; 
and if b:iaks of or 3 feet high were raifed againft the low commons, it would pre 
vent their being overflowed by the water coming down from the wcftv. arcl, when the 
Trent floods over-ride the drain, and keep the doors conftantly fl:iut j but th.en tunnels 
with valves next the drain mufl: be laid through fuch banks, to take olF die down-fall 
from the commons, where the water of the drain becomes lo'.ver, otluTwife fuch banl:s 
will be a means of retaining the water upon the lands, as well as in preventing their 
being overflowed; A further temporary exf.edicnt might be, to turn as much of the 
water as may be from the weftern parts, towards Jajthorpe Sluices, which, laying lower 
upon the Trent, afford a better fall. 

When Ferry Sluice is rebuilt I would advife its floor to be laid lower by 1 foot 6 inches, 
that is, 1 foot 2 inches below low water mark at neap tides, and to be made at leaft 15 
feet clear water- way, to be fliut by a pair or pointed doors. 

I know this prafticc will be oppofed, upon a fuppofition, that being laid fo low it will 
not run fo long, and will be more liable to warp. 
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But it is very plain, tihac was the orifice a mile deep, it would always run when the 
water within was in.;her than the water without, and that at all other times the doors 
would be fhut ; atnl this will equally be the cafe if laid high, but with this difference, 
that by being dammed up by the floor and threlhold, it will not run when the water of 
the di-ain is lower than the threfhold, though higher than that of the river. To make 
the advantage clear, let us fuppofc i foot water going over the threflicld of the prefent 
fluice, which being 1 2 feet water-way, the fedion of the column of water pafling will 
be 12 fqiure feet; now fuppefe the water at the fame height within, and the floor i foot 
6 inches deeper, then it would run with the fame velocity in a column 2 feet 6 inches 
in thicknefs and 12 feet wide, which makes 30 feet area of tlie column; fo that in this 
cafe the fluice would run as much in one tide as in the other it would run in 2-j tides; 
but if the width is increafed to 15 feet, the area will be 37 feet, fo that it will then run 
more water in one tide than the prefent one in three. Again, when the prefent fluice is 
run dry, there will be a column of i foot 2 inches thick upon the threlhold of the new, 
whofe area will be 17^ fquarc feet, which will vent as much water as the prefent fluice 
will do when it has 1 1 inches water upon its cill; fo that the conflrudion propofed will 
not only, at all heights of the water, run much more in quantity, and thereby vent the 
water quicker, but run it down to a lower furface than it poiflbly can be by the prefent 
conftrudion. ' 

With refped to ways, fuppofc the old and new fluice both warped up to the fame 
height to both without, and the water at the fame height to both within, that is both to 
ad from the fame drain ; it is pliun that the old fluice cannot ad till a channel is made 
through the warp, whofe bottom is lower than the furface of the water in the drain; it 
is alfo plain that the new one will begin to ad at the fame time; the only difference will 
be, that as the warp will lay 1 8 inches deeper againff the doors of one than the others, 
there may be fome little more trouble in clearing the warp from before the doors, fo as 
to fufFcr them to open at the veryfirft darting; but after each has begun to run, and 
cleared away a part of their warp, the new fluice will always have the advantage of the 
old one, becaufe, by carrying a greater body of water, it will open its channel quicker 
and more effc'dually keep it open at low water, lb long as it continues to run. 

The fluice being thus conftruded, it will be neceflary to deepen the drain, making 
the bottom 15 feet wide, and to carry it as near as poflibleupon a dead level with the 
threlhold for 2 miles; thence it. may be regularly inclined towards its head: this 
being done* in my opinion, it will do its duty widiout fufiering any of the lands to be 
overflowed by the Treat, 

I pth September, 1764. 


J. Smeatom. 
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EARL OF KINNOUL’s LANDS. 

The REPORT of John Smeaton, Engineer, concerning the. Works 
for the Defence of the Lands of the Right Honourable the Earl of 
Kinnoul, laying upon the Rivers Ammon and Hayt North Britain. 

ift” TT appears to me that the greateft part of the damage dene by floods upon thefc 
^ lands, is owing to the ftiallow channel of the river Amnmy and the infufficiency 
of its banks. 

2d. That, in order to cure thefe defers, it will beneceflary to carry a bank fro.m a 
point of land marked out, about half an Englijh mile above Ammon Bridge down to the 
eaft abutment wall of that bridge, and from the fai'd caft abutment to carry a bank 
coalling the eaft fide of the river Amnmy at a proper diftance to the point of land laying 
between the mouth of the Ammon and the Tt^y which bank ought at a medium to be 
about 4 feet high and about 20 feet of bafe, the (lopes to be fodded on both fides, or 
that next the river to be covered with large gravel. 

3d. That as die aforefaid work will be of equal and imrtiediate advantage to the 
grounds now liible to be flooded by the waters overflowing the banks of the Ammony 
which are without the border of the eftate of the Earl of Ki nnou l, (and upon which the 
faid banks are propofed to be made) therefore the proprietors to be at a joint expence 
with the Earl of Kiknoul for the compleating thereof. 

4th. But in cafe the faid proprietors do not chufe to be at their proportion of expence> 
dien 1 would advife the Earl of Kinnoul to make good the breach that has been made 
in the land contiguous to the bulwark ere£led at the end of the new road leading from 
P^tb to Ammon BridgCy and to make the whole eflTefbual, to take down the rem^ of 
the prefent bulwark, and to make the whole of rough or rubble ftone fiiom the quarry, 
added to the prefent materials ihrown together bank faihion, fo as to flope feet bale 
to 1 foot perpendicular towards Anmon BridgSy and 2.| feet bafe to 1 foot peipendicular 
on the fide next Pertby to make the fair« 2 feet lower than the furfaceof the ground on 
which the faidliulwark abuts in the middle betwem the abutments, but to nufe the fame 
fomewhat higher than the faid fiirface at the ends where the bulwark abuts upon the 
fame, and to extend the ruUile work 1 rod at each end on the plain fin&oe, and alfo to 

Vot. I. T line 
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line the banks or abutments with nibble for i rod above, and 2 rods below the bulwark 
at each end ; which fald bulwark is intended to coniine the waters of the Amm or Tbjr 
in moderate fpeats from Bowing down the old road, but in high floods to break the 
rapidity of the current, and to admit the fame to have an eafjr pafiage over the bulwark. 

5th. In regard to the great bulwark, which was erefted at the joint expence of the 
Earl of Kinnoui. and the town of Pertht in order to preferve and regain tht lands from 
the incroachments of the river before which it has been raifed, I am of opinion that the 
lands might have been lecured in a much eader, and cheaper method, as hereafter 
deferibed, and with refpeA to the regaining of lands they could never be worth the pur- 
chafe : it further appears to be built of very bad ftone, and therefore will be fubjeA to a 
confiderable annual repair, greater than will fupport the banks intended to be fupported 
thereby t yet as ibme good has been produced /rom it, though not adequate to the ex- 
pence of building or maintaining it, yet I would not advile any erafement thereof but 
to leave the fame to fuch events as the floods and weather may produce, and which in a 
ftate of rubbilh, by keeping the channel of the river at a diftance, will tendto leflen the 
repturs, which otherwife might be neceflary on the laid banks } and whenever the river 
(ball begin hereafler to make any depredations on the land, to apply die cure immediately 
to the part aifefted, which 1 would advife to be done in the following manner : 

Let a quantity of rubble ftone be brought from the quarry, the more angular, roug^, 
and irregular the better, and at a naediwn as big as a large cabbage; let as much be 
thrown up againft the broken place (almc^ as fteep as it wiB lay) as will form a natural 
Hope againft the bank as high as ordinary floods reaclv or as the furftce of the lands 
where lower, doping away the land above the rubble where higher, obferving to avoid 
all jetties and protuberances as much as may be, fo as to give the water as free a paflage 
as poflibk. In general I would advife my Lord Kimnovl, in cafe xA breaches or in- 
croachmehts upon the land by this or uiy otho- river, not to have veoonrle to jetties,, or 
walls of maibnry, but to line the banks with rubble thrown in, fb as to form, a natural 
flope, and the lengdi of the work die nearer it is to a parallel direAion with the cunent 
the better, by this means the quantity of materials neceflary to &rm a jetty, breakwater, 
or bulwark (which bring del^^ to refift and oppofe the current mdl be madeftronger) 
being difpofedaloi^ the &ce rif die bank, will in general be fufficient to defend the whole 
length that could be expefted to be efteAed by t^ jetty ; and with this difterence, that 
die edge formed by tbejet^ itfelf, generally forms a.pit or incroachmeot upon the land 
be^} whereas the wbric d^ofed in a parallel, direAion to the current equally pro. 
and equally rei^ ; fo that the wreck and fvdSage of the river in rime filling up.the 

intecftices 
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interftices of the rubble makes It grow firmer, whereas the conftant aftion of the cur- 
rent upon the weakeft part of a bulwark or jetty, viz. the termination thereof, puts it in 
a Conftant ftate of wafte and decay. 

By the application of rubble we have flopped the moft formidable breaches where the 
river, has had its courfe through, by means thereof we fecure our banks and the aprons 
of our locks and dams upon the river Caldera over which laft the water in time of fioods 
has much greater rapidity than the natural current of the fay poflibly can have in the 
neighbourhood of Perth ; in Ihort, we make ufe of it in all our defences upon the 
CaldeTt and have never found it to fail. 1 know it will readily be urged, that the fay 
bring a larger river than the Caldera that what will do upon the one, may not do upon 
the other ; it is Q-ue, that the is a wider river, but it does not appear to be more 
rapid, that depending chiefly upon the fall, which in the Odder is abov^ 8 feet per 
mile for above 20 miles together, that we are concerned with it, nor does it appear 
that the f ay jn time of floods rifes to a greater height above its common furface. Hence 
1 infer that the aAion of the Calder upon its banks is as great as that of the fay upon 
its banks, becaufe die quantity of this aflion depends upon the height and rapidity of 
the water afting immediately againft diem, and not upon that which pafles by at a diftance 
from diem, fo diat the width of the river is totally out of the queftion. 

\ 

In general I would advife my Lord Kimnoul to be as (paring of thefe kinds of 
works as may be ; for without a great deal of land be got or faved by a moderate quan- 
tity of work, though the method I have chalked out is the plaineft, eafieft, moil du- 
rable, and cheapeft of any thing 1 know, where ftone can be procured at a moderate 
expence, yet that land would come very dear that would require covering with rubUe. 

Perhaps it may be fuggefted that danger may arife from letting die great bulwaifc go 
to ruin ; for when in that ftate, if an inconvenioice fhould happen to arU^ k would 
be much more expence to repair, than to keep it in rqiair. But this I qyc h e n d tp 
be quite othersrile j Ibr a mala e£ rubble thrown promifcuoufly together, t^on dhe rutss 
of the prefent bulwark, will be more hffing than the prefent one era be with its prefenc 
mateih^ and form, and can always be repaired by addition* 

Upon the whole, it spears to me, that the greateft damage done, or likely to be done, 
to my Lord Kinmoul’s eftate at this place, arifes from currents of water tof^iii^ 
die banks of'the Jmmat, and running over die furface with graK it^ndky, diotby 
talmgaway the cartht wear gidliei, and leaving tra&s of barren gnvrri in its roonii 

T 2 which 
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which will be the moft cafily prevented by embanking the Ammon as before defciibcd^. 
and Hopping the moutli of any fuch gullies as appear to lead tl\e waters upon the land j 
yet notwithftanding this will not prevent the back water from returning up the fladcs 
from below, and Handing upon the land to the fame level as the fay at the places of 
communication j however, the water there being in a manner Hagnant, the ravage 
above mcnticncd will be prevented j but a total prevention of the floods from coming 
upon the lands can no otherwife be cH'edcd, but by embanking the whole round, both 
againH the Ammon and the fay, fo as to be flood proof againH the greateH exO'emes, 
with a proper fluice to let out the down-fall and foakage v/aiers when tkt: floods are 
over i and tliis, though I look upon it as a practicable work, yet the difference of rents 
upon the quantity of grounds concerned, dees not feem to encourage an undertaking 
£o confiderable.. 

Having mentioned the expediency of banking againH the Ammony it may be under- 
Hood I looked upon the Ammon waters to be the foie caufe of the overflowings already 
mentioned : but the cafe appears to me thus when the fay is flooded, it would revert 
upon the channel of the Ammon to the farne level, though na. current was to come dovm 
the Ammon at all and were the banks of the Ammon lower than thofe of the f oy, (as 
they really are about Ammon Bridge) the fay would run up die Ammon, and firfl and 
moH Hrongly run over at the loweH places, viz. near Ammon Bridge but if at the farne 
time that there is a flood in the f^', there is one in the Ammon alfo, as muH often 
h^pen to be die cafe, the current of the Ammon being Hopped, by the f ay, the Ammon 
muH thcn.be forced to rife to a greater height, till it can over-ride the fay'i water, and 
ibr that, caufe rifing to a greater height, will the more plentifully overflow its banks j but 
was the fey low Ivhilc die Ammon was in a flood,, I don’t apprehend much mifehief 
w ould enfue from the Ammon alone. 

Widi Go Bujfty Mdl, I find that with the quantity of water ifluing from the 

bo« af die.time IXawit, there* is a.powerj when well applied and the machine righdy 
manfljged and ufed,^ of grinding %.W%nch 0 tr- quarter of wl^t per hour, and that fuck 
an erection, if’ done here,, would .cgl^ froin^ 4 to spoA. 

13th Dec. 1763. J. SmeatciJ.. 
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RIVER DEVON NAVIGATION. 

Some Points relative to an intended Navigation upon the River Dfvont 
JtlaCcd by Lord CAmcART, and anfwercd by John S.meaton. 


Sir, 

T F I rightly undcrftand you in our late 
A converfation, your opinion upon the 
points ftated to you was as follows. 


ift. That if the ifthmus of Z-c>;g Carj, 
betvvixi Jlloa and Caml^us, were cut with 
a can^d, the fides properly doped and 
faccil with rough ftone, (as you may more 
particuliuly explain in the margin) and 
the picfent channel of the Forth allowed 
to remain as it does, fuch canal, the 
banks being of a height to contain the 
tide, v/ould not endanger the adjacent 
lands by bringing more water that way 
than is intended., will have no occafion 
for flood-gates, and will be an efieflual 
improvement to the navigation, by avoid- 
ing the tbrafi lhallows,,and other impe- 
diments.. 


My Lord, 

points Rated by your lordfldp 
contain the fiibftance of what paffed 
betwixt your lordihip and me in conver- 
fation, therefore, to avoid repetition, fliall 
note in the margin what I have occafion 
to enlarge upon, or v/herein your Lord- 
fliip feems to have mifunderllood me. 

1 ft. In this particular I underftood your 
Lordfliip that the Fhrajk fliallow is a flat ^ 
lhallow at low water, not of fuch an* 
height as to pen the water above it, but 
merely an impediment to navigation, 
through want of depth. This being the 
cafe, a canal cut through the ifthmus 
will have no other efl’ert. dian here de- 
ferib^d, and the fidcs of the canal being 
ftoped from the proportk’n of o to t , to 
1 to I, as the foil may happen to be from 
a loofc earth or gravel to a iinn clay, and 
(being covered with rubble quarry ftoncs 
(iuppofe one Toot thick), fo as to make a 
compleat cover,, this will ix>t only defrdti 
the bank from thl* asftwih'of the curferif,, 
but of the wavW occafitmed by thewiia^} 
but in cafe the ftioal atiovcmentioh^ 
makes a confidd-able pen; fo as td deter- 
mihe ihe- current much nWre ^ftrbhg^ 
thtbug^ this -new canAl than through the 
OOtiffIt it Will bt'neceirary to 

defend; 
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defend the hum aljfb with ftones, to pre- 
vent the aftion the water fit>m deepen- 
ing the fame, and thereby fap{Mng die 
foundation of the ftone focing, and in 
conlequen<!e bringing down the banks and 
widening die canal. In.cafethepenlhould 
be very conliderable, it would be neceflary 
to build a lock iqmn it i but the deter- 
mination of diis matter depends upon the 
length of the canal, and difierence of level 
of the furfoce of the river at the head and 
tail thereof taken at low water, when 
there is no frefh in the river, as alfo upon 
the quality of die ground forming the bot- 
tom. 


ftd* That if the river Devon was navi- 
gated by Sir John Erskine, from the 
CohU Crook to CmhuSf by means of 
Iluices on tUU Body Bridget that naviga- 
tion may be better effeded by die canal 
and lock propofed than it could have been 
by the (luices, and die ground through 
which the canal pafles, viz. from Mdu^trU 
Lint MUn Dam to TUU Bo^ ^ridg(tt being 
day and perfoddy levcL 

jd. That from CokUe Crook to Sauthk, 
there bdu^ only two fmall fords in the 
way, die navigathm nwy be effected by 
one k>dt and dam at. die loweft ford, in 
cale it fhould not be found better to avoid 
foe finds by cutting fifom de^ water to 
deep water, and nudungachannd bdiind 
finds) but that dus capedient,''^ich 
k the faefl^ cannot tdce {dace if die pre- 
te as daiw> aiklihenew cuts 


ad. There is no doubt but that locks 
are preferable to fimple fluices. 


3d. I beg leave to add, diat If a dam 
is built upon foe ford, or the upper ford 
be fuppofed to aft as a dam, a canal wifo 
alock upon i^ brought dowafo as to drop 
into the river bdow foe lower ford, kwUl 
alfo equally anfwer foe end if 'found moft 
eafily praffiofole. Alfi^ if inftead of 
joining the deeps by cuttafg a channel be- 
hind die finds, die Ibsds diemfelves be 
lemove^ or channda forong^ them be 

mad^ 
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Ihould luure the ttScA of letdng down die 
river, and creating other fords in parts 
where the upper part of the navigation is 
intended to go. 


4th. That you recommended carrying 
the navigation by locks out of the river 
at Old SautbUf and raifing it into a canal, 
upon the level of the river above TilH^ 
eoutery Dam^ to be carried in the Une and 
direfiion of Lprd C athcart’'8 aqueduft, 
(till it faUs under ground into the pipes 
where it erodes the Devon) and there to bo 
carried in an aquedud bridge over the 
river, and conrinued to did dam, and 
irom thence to the foot of the Rack Mibi 
Dam^ where there muft be locks to fur* 
mount the faid dam, in cafe the naviga- 
tion is carried oh to Vicar's Bridge. 

5th. That the level of the ftretch from 
Sauebie xaMdioch foot is proved by Lord‘ 
Cathcart’s aquedu^ and the prefent 
ftfcte of the Devon, which is already na- 
vigable betwixt ^Wicofttery Dam and 
MeUoch, 

6di. That the- rifing- of the river id 
times of flood, fo as to overflow the aque- 
du£l; bridge, does not infer any danger, 
cither to the bridge or adjacoit lands.. 


1 

made, this will alfo anfwer i but in this 
cafe, care mull be taken to make the 
channds on fuch fide where the principal 
tendoicy of the water is to aft in floods, 
otherwife they will be liable to be thereby 
filled up again. 

4th. This feems to be the method 
from what was deferibed to me upon the 
plan } but as it is fcarcely polTible to form 
adequate notions without ocular inac- 
tion, much muft be left to the judge- 
ment of him who executes, in rclpcdt to 
the choice of the ground. 


5th. Certainly, fuppofingthe find aque- 
duA to be carried upon* a levelv 


6th. It mull; be fuppofed that’ ^e di- 
menfions of the water-ways, breadth andf 
depth taken together, under the aqueduA 
bridge, miifl be fuch as to vent the water 
as fall as it comes* in at extremes c£ 
floods, and alio the ice in winter, otho*- 
wife great damage may enfue both to the 
works and adjacent lands, unlefs h ceicain 
lengdiof the fide walls of the bridge that 

fiiftaim 
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7 til. That, upon the whole, as thus re- 
prcfentcd to you, the navigation of the 
Bevotii and the improvements of the na- 
vigation of that part of the Forth, be- 
tween Cambus and Alloa, feems very prac- 
ticable, and, from the nature of the levels, 
at a moderate expence, confidcring the 
length of the navigation. 


8th. That from your experience in na- 
vigation bills, and their confequences 
when paired into aAs, it is your fixed 
opinion, that the execution can neither be 
anlwered for, nor depended upon, in the 
hands of truftees, and that the only fafe 
and fure way is for the proprietors of coal 
within reach Devon, and Mr. Abi^r- 
(CROMBiB, to be die undertakers^ or for 
Lord Cathcart to be the imdertaktr^ 
with a^roviib in favqyr of the other coal 
•proprietors and of Mr. Abercrombis, 
in cafe they ihaU chufe to recode* and 
B number bf CommifTioners to be 


fuftain the canal are very ftrpngly capped 
with ftone, and left lower than the reft, 
for the water to flow over like a dam j 
but this expedient I would not recom- 
mend to be ufed, if it caq be poflibly 
avoided. N. B. I don’t at prefent re- 
member why the paiTage of the river can- 
not be obtained by raifing a dam in the 
river below the intended place of crofling. 

yth. Agreed. 


8 th. This I have enlarged upon in my 
letter from NewcafiU-, I have only to 
add, that in this cafe the adventurers 
fliould be fixed down to take a rcafonablc 
toll for coals from the other coal owners, 
who may not in their prefent fituation 
chufe to be adventurors themfelves, other- 
wife the proprietors of the navigation 
may chufe to lofe diofe tolls altogether, 
to prevent die others from working their 
collieries, which would be Ad^iment to 
the public. 


referred 
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referred to, and to judge betwixt the un- 
dertakers and other proprietors in ail 
queftions that .may arife now or here- 
:^ter, with refpedt to damages, See. in 
confluence of this aft, by which means 
the parties interefted m the toll will 
attend to the execution; and as the 
toll never can be fufiered by the un> 
dertakers to rife to the ptice of land 
carriage, the difierence, whatever it is, 
is fo much faved, and therefore a benefit 
to the public. 


9th. I forgot to alk the dimenfions 
and fize of the boats proper for the 
carriage of cod, and how deep water they 
will require. 

As alfo whether is a better method 
to land the coal from the canal on the 
pier, and load them from thence on 
board the Ihips, or to let the boats 
down into the river by locks, and 
put them on board direftly from the 
lighters. 

Your certifying the above to be 
your opinion, or marking on die mar- 
gin where I have mifonderffood you, 
with feme explanation for the ia- 
tisfaftion of the -other peribns con- 
cerned in this bill, relative to the ife, 
tith, 7th, and 8th articles, with your 

Vot. I. 


9th. The fize of the boats ufed for 
carrying coals is various in difierent 
places, and diflfer in fize, fhape, and ^ 
draught of water, according to the con- 
venience of the place ; but I apprehend 
that fuch boats as are principally ufed in 
the Torkflinre rivers, will anfwer as wdl as 
any for fuch a navigation, as propofed by 
your Lordfliip, viz. 54 feet long, fbem 
and ftem poft included, 13^ feet wide, 
and 3 feet draught of water ; diofe will 
carry from 20 to 30 tons, according as 
they are more light or heavy built. 

If the Ihips were always ready to be 
loaded, when the boats brou^t down 
coals, it would certunly be the moft ad- 
vantageous . to lay die boats alongfide 
die Ihips; but when the Ihips are not 
ready, they muft neoeffiurUy be landed 
upon fome quay or wharf common to 

both, 



t M ] 


opinion upon the 9th, will very much 
oblige^ Sir, 

Your moft obedient 
humble fervant, 

Cathcart. 
London^ Feb. ii, 1765. 


both} which 1 apprehend Ihould be co« 
vered like the coal ftaiths at Ntwcaftle, 
Whether the quantity that can be deli- 
vered alongfide the fliips, in proportion 
to what cannot} together with the advan- 
tage of an open communication of the 
canal with the Forthy for the conveyance 
of other goods and merchandize} will 
make it worth while to make the necef- 
fary lock, is .a matter of convenience that 
can only be determined upon the place, 
by thofe well acquainted with the nature 
of the trade thereof. 

The cafes ftated, confidered with my 
anfwers thereupon, contain the opinion 
upon thefe matters of. 

My Lord, 

Your Lordlhip’s 

moft humble feryant, 

J. Smeaton. 
Aujiborpty 20th April, 1765. 
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QUERIES, 6cc. communicated by Lord Cathcart, relative to a navigation 

on the Forth t November 5, 1767. 

T)Y the Report of Meillrs. Watt and Morison to the Board of Police, it ap- 
^ pears. 

That a navigation may be opened at a fmall expence from the valuable woods, lime 
and date quarries of Aberfoil to the bridges of Aberfoil upon the Forth. 

That it may be continued from thence to Cardrofs, by a lock below the ford of 
Cardrojs. 

That it may be continued from thence to Frew by a lock below the ford of Frew. 

That from thence the river is navigable to a rocky ford called Craig Anet, betwixt 
the Bade and Drip Coble, which is two feet higher than Craigforth mill-dam, which laft 
is three feet higher than the cruives of Craigfertb, which are four feet above the neap 
tides, in the lower part of the Forth. 

, > 

That a dam of three feet Ihould be added for the fake of deepening the water, as 
far up as the Frew, which water lb raifed would be 12 feet above the neap tide. 

That a canal near a mile in length, from a point above the Bade, acrofs level 
ground of a clay foil, with a lock of 12 feet fall, would compleat the navigation fium 
Aberfoil to the tides-way at the new mill of Craigforth. 

And that the navigation from thence downwards may be Ihorcened about (even 
miles by four cuts, as exprefled in the plan, below Stirling Bridge. 

It appears by Mr. Smeaton’s report to the pn^rietors of ^ Devon coUicriesi 

That Cambus, with proper improvements, may be made a very convenient port 
exporting fea coal, and for accommodating Ihips in that trade. 

That the river Devon may be rendered navigable from Mtlloci j^t to 
mill-dam, which fpace includes five collieries. 

And that the navigation may be continued from Menfirie Lint 
way in the Forth at Cambus. . ■ - 

Menftrie mill-dam is 12 feet above the ne<kp tidH, #iefefere bn a le^#fth die 
above the three-feet dam at Craig Anett in the Forth, projedbed by Mr. Watt. 

XJ 2 Sttppoft 



t *4* ] 

Soppofe if feet added to the height of each dam, the water in the Forth above Craig 
Anet, and in the dam above the li/tr mill-dam, will Itill be equal, and 14^ feet hi^cr 
tlian the neap tides. 

The ground is clay, and very level from Menftrie Lint mill-dam to a point betimt 
the bridge at Stirling and the new mill at Craigfortby where the banks on both fides are 
pretty high j and Mr. Watt’s canal may be brought, upon very favourable ground, 
to a point oppolite to it. 

Suppofe an aqueduA bridge of a proper dimenfion, erefted acrofs the Forth, betwixt 
thefe two points, (the diftance being 300 feet) there will be dead water from Frew to 
the Ldnt mill-dam, by which the upper part of the Forth will have an eafy, (hort, and 
open accefs to the "Devon collieries, and alfo have an o])portunity of dropping into die 
tides- way at Camhus, by locks of 14^ feet fall, the advantage of which, confidering 
how much lime-ftone, dates, wood, &c. mull come down, and how much coal mud 
go up the Forth, including the confumption of the town of Stirling, and the inhabi> 
tants of thofe parts of the country that come through Dumblain ; and that the lock at 
Craigforth new mill, and a great length of navigation, and the lofs of time in waiting 
for the tide, will be laved, is extreamly obvious. 

The only circumllance of doubt is the praAicability and expence of the aqueduft 
bridge, the length being 300 feet, and the bottom of the river clay, and far above 
rock i if it is executed in done, the number of piers which it will require, as the level 
will admit of fo fmall a rife for the arches, and the foundation which muft be piled, it 
is apprehended muft render the expence enormous. If it is executed in wood, upon 
the plan of JuUus CeeJaFs bridge, which is well-adapted to refill ice, or other floating 
Codies, or upon any better more modern conftruflion, it is apprehended it would come 
much cheaper, would ftand agunft the force of the ftream, and of the ice in winter, 
and would oos be afiefted by the land floods, which cannot rife to the foie of the aque> 
du6l, but muft be liable to the expence of repairs to which a flone bridge would not 
be fubjedl. 

Mr. SMEA.TON, who is acquainted with the nature of the rivers and country adja- 
'cent in queftton, and (killed in every expedient that may fiicilitate the junftion of the 
two levd canals, bylsnaqueduft, is defired to lay, 

‘ xft. Wlttch of ’die two plans, the aquedudl biidge and canal to join it to the Devon 
at tJie Ziaf naill-dam, or die lock at Craigforth new mill, feems, upon the face of them, 
.dK fttr die inliabixanta of ^ t^per part of the Forth f 


sd. If 
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2d. If die aqueduA plan feems the moft eligible, what data wiU be necelTaiy to furnilh 
Mr. Smeaton with, to enable him, at his leifure, to make out a defigti for the 
bridge. 

3d. Does Mr. Smeatok think that the boats recommended for the Devon, draw* 
ing three feet water, of 13^ feet width, and 56 feet long, will anfwer all the purpofes 
of the Forth boats, or would it not be proper to allow for a foot more draught of 
water, in order that their Hates, &c. may be carried coaftways, and that the locks and 
canals be for tliat purpofe proportionably deepened ? 

4thly. Suppofe the aquedudl bridge rejeded, and the lock at Craigforth Mill adopted, 
will it not be expedient to make the four cuts in the Forth, as marked in the plan i 
and if -any, but not all, which of them i 

5th. The ditches from Tillibodie Bridge to Manntr Pow are from 8 to 10 feet 
deep, and about 1 2 feet wide, and are on a level with the Devon, at Tillibodie Bridge, 
and with Sir John Brskine’s canal at Camhus, would it not be right to build a lock 
at Manner Pow, and to enlarge thcfc ditches, that Upper Forth boats might get, by 
that traft, to the collieries, whereby upwards of 6 miles navigation would be laved i 




ANSWER to five Queries concerning the improvement of the Naviga* 
tion of the River Forth from the River Devon upwards, communicated 
by the Right Honourable the Eatl of Cathcart, in a Letter of 
November iith, 1767, to John Smeaton. 

ift. IF the commumcation of the Devon collieries with the upper Forth was the foie 
objeft in view, then die long canal, from above Stifling to the Idnt MtU Dam, upon die 
Devon, ieems very well adapted for due purpofe, and in that cafe would merit ferious 
confideration, how far the aquedudt bridge, over the Forth (which indeed leems die only 
difficulty) might not be (under the fpecified circumftance of elevation) an executabte 
foheme: but if the expence and difficulues of executing fuch a bridge there, as well as 
die expences of land, cutting bridges, «id other contingencies attending the propoled 

canal 


[ >50 1 

canal be confidcred, and that at lalt it will not fave above 5 miles * of diftance, though 
none of die loops below Stirling are fuppofed to be cut j if, on the other hand, the ad- 
vantages arifing from a free'and open navigation to all parts of the Forth below, for all 
kinds of trafHck, be put in the other fcale, I cannot hefitate to fay, the advantages 
being confidcred with the expcnce, and probability of trade, that it appears to me, on 
my prefent view of the propofition, more eligible to lock down into the Fcrtby near 
Craigforth new mill, and below that to keep the river. 

ad. This is anfwt'rccl by die firft. 

gd. If the veflcls were made of greater draught of water than 3 feet, and wider than 
13 feet 6 inches, they would undoubtedly be more fafe in navigating the broad 1 ar: of 
the Forth, and coafling, and could venture, and keep out in worfe weather j bus. fuch 
veflcls, as defciibcd for the Devon, not only go in the narrow rivers in Torkjhire, bcc. 
and down to Hull, but even go out to fea, and crofs the Lincolnjhire walhes to Spalding 
for corn, to be carried in the fame veflel to Leeds, IFaktfield, and Halifax •, but as it is 
•obvious that if the bulk of the vcfiel is incrcafed, it will occafion greater cjipcnces in 
executing the locks, cuts, canals, 8cc. it may therefore be worth while to confider, with 
the degree of trade that is prebabk, whether it may not be eligible to fave a capital that 
muft thcreLiy be expended by changing : for though the velfcls above-mentioned can, 
and do go as before fet foith, yet the bulk of trade is carried on by changing velfels at 
Ermine, that is as foon as the river is capable of receiving floops of 50 and 60 tons. 

4th. The moft important objed in making artificial navigations, is to avoid dead 
lloppages by want of water, &c. In many principal navigations in England, veflcls 
tire frequently ftopped in dry feafons for one, two and tluee days at a time, fometimes for 
a week together. Now, if they had a certainty of going at a particular time of tide, 
twice in 24 hours, they could fuit their times accordingly, and would be content to go 
fevetal miles about, if they liad a certain paffage, rather than lie ftill fo long together ; 
for this rcafon, cuts are feldom made merely and Amply for fhortening diftancesj and 
though in the diftrid under confideration the river is remaikabiy crooked, yet, as the 
reft o( ,it, both abov^ and beV>w, i« but little better, it may deferve a feripus confidera- 
lion whether it is worth while to make any of the cuts propofcd below Stirling', for as, ac- 
cording to the plan } have, the^ificrence of diftance is but about 5 miles, with the cuts 
apd jivitbout ^em, this Engineers would therefore do well to confider, from adual admea- 

The dlilance up the Hevut beinj; takes into the account. 

furements 



I « 5 « ] 

furcmcnts of the refpeftire lengths, and levels taken, how deep, how wide at bottom 
and top, each cut will be required, in order that they may be materially more paflable 
than the prefcnt fords i and to elFcft that, how deep they will be required to be dug 
belov/ low water, what land muft be cut and covered j thcfe things being afccrtained, and 
proper cftimates made from the price and qirantity of excavation, the price and quantity 
of land, the charge of pumping water while the digging is going on under level, and the 
damages that may be done by the river’s breaking in while the works are going on in that 
lituation, alfo the charge of making dams to turn the water from the cuts, or if none, the 
time lofl. in getting the tracking horfes acrofs the old loops ; I fay all thefc things confidered, 
and cftimates formed from particulars, v:iil foon diredt you, wliether from the probable 
quantity of trade, the expcnce of any, all, or fome of thefe cuts, will be balanced by 
the time in the paflage refpedlively faved. The two upper ones feem the moft advan- 
tageous, the reft in order as they are lower ; but it will be right to have a power in the 
A6t to make any of thefe cuts ; that after the neccfliiry canals, locks, &c, are made, if 
it fliall appear from the quantity of trade, and the goodnefs of the funds, that the thing 
is eligible, there ought to be a power of doing itwitiiouta frefn application. 

5th. The expediency of this ftep confifts in the facHity in doing it, becaufc the ad- 
vantage will wholly confift in the trade with the Devon-, for it will not be v/orrh while for a 
vcfiel at the mouth of the Devon, and going up the Forth, to make ufe of this piffige, 
becaufc, in going round the great loop, (he will be thrown about only i - mile more than 
the artsdeial paHuge, in which latter flie would have to pafs two locks. 

It is to be obferved, that by a double entry into Devon the leakage will be double;, 
and if made ufe of as a paflage up and down the Forth, each veflTcl will expend two* 
lockfulls, except in cafes of meetings. 

Jufthorpe, November 21, 1767. J. Sii;eato..v, 
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Lord Cathcart’s Queries relative to the River Dnwa, 

I 

Smeaton to confidcr tlte Camhus, and the river below the and to 

give his opinion, whether, the Qmnbiisczxi be matle a proper port.oi,en4pprution for 
great coals, and if it can, by what means, «id at what expencc. 


Obje(ftions« 
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, Objections. Want dq>th of water, ea:pence of making a new port, lofi tune to 
(hip-mafters to ctuneib much further; danger from ice in winter. 

If either impracticable, or too expenfive, Mr. Smeaton will confider whedier the 
coals cannot be carried in boats down die Devm and F<irtb to liUta, and there Ihipped 
for exportation. 

Objections. Coals carried down to Jlka by water cannot be folded there without great 
expence, but muft be loaded from the lighters, which Ihip-maftersobjeCt to, fbrreafons 
perhaps frivolous, but will belt be collected from themfelves, and judged of by Mr. 
Smeaton. 

If coals brought down the D^vou can be exported either from the port of or of 
CamhttSi Mr. Smeaton will then confider the belt method of rendering the Devon navi> 
gable, from MeOock foot to the Fortbt either by a canal, or in the bed of the river, or 
partly by one, partly by the other, calculating the expence of the whole, and fpecifying 
the dimenfions of boats, what th^ are to carry, and how to be drawn. 

The fize and dimenfion of boats will depend upon the ufe intended ; if they are not to 
be let into theF^r/jt, they may be very long, voy narrow, and very fhallow, which will 
reduce the expence of the canal. If intended to go down to Alloa, or up the Forth, they 
will not admit of the fame conftruCkion. 

N. B* The polfibility of going up the Forth by water fi^ the collieries would be a 
gr^at «onvenifncy, becaule were the narigation opened above Stirling Bridge by locks at 
Creugfortb, Frew, and Cerdro/s, all the country on each fide the Forth might, as weU as 
the town of SUrting, be fiipplied water-borne coals from the Devon collieries. 

If Mr. Smeaton finds any fpecies of navigation practicable and adviferi>le, he will 
favour the coal mafters with his ideas of the proper ACtof Parliment to be petitioned 
for; and of the places, prop^tion, and ipanaerpf collecting tolls, and manner of fhip- 
ping the coals either fiom boats or quays ; and if he will undertake, or recommend an 
undertaker fir the whole, or the locks only, and on what terms. 

« 

To this nuqr be added a remark of Mefirs. Mackell and Watt lately made; that 
IS, dut a canal may be citrried iqwn « dead levd the whole way from fi^eontery to a 

filkwing the fixxoftherifing grounds 
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thewhok way, that it will be about 30 feet hig^ than the ka, and may either be car- 
ried betwixt banks acrals the flat grounds, iriitch is not ftr, to the ihore, olhonrile the 
flat ground may be cut to bring the Forth up to die low grounds. 

This would fave locks and wafteof watet* asfar as fttUcoiOefy, and mig^t be joined by 
a canal from Meliock Foot, the level of which would be a veiy littk hig^, and mig^ 
require a lock. 


Levels. 



Feet. 

ladies. 

From Forth to Sauebiot 

m 

m 

18 

10 

From Smebie to Mellockt 

m 


*9 

6 

From Meliock m Vicer'e Bridge, 

m 


39 

6 




77 

10 
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Okt* of J.phn.]Smeaton, Engineer, conccfning the .prac- 
ticability and expence of making navigable the River Devon, in the 
^ ' -doiAttlr ^ GhcknHumik, from Meihek Fmt to the River Farti* 

<» j : 

^T^HE river falls into the river Forth about 2^ miles above,.oriDtbe<Rn!ft 
.of jilloa, but according to the turns of the navigation, up Forth, about miles. 
There arc ^tral valuable collieries upon the Hope of the hiHs that decline towards 
the river DMn, the coals of which are now carried to Alha over land, in Older to be put 
there on bottrd veffels capable of carrying d)em to all parts whece wanted. The more 
eafy carriage therefore of thofc coals; from the collieries to the Ihipping is, as I appre- 
hend, the principal object of the prefent propofed navigation- 

At the moutli of the Devon the extreme fpring tides are faid to rile 20 feet perpen- 
dtoular, and at fuch tides the water flows one foot higher than the top of Cambus ^ay, 
which is an old quay, at which formerly coals were (hipped, about a furlong within the 
mouth of the Devon. The common neap tides are faid to rife within five feet 
of the top of the fdd quay, and that then there is 12 feet water in the river op- 
polite the faid quay. When I was there, the morning of the 20th of November, 1766, 
being the fourth day after the full moon, it appeared that the mark left by the lad tide 
was as high as any that had been that fpring, and what might be called an ordinary Ipring 
tide : this 1 found had been within i foot of the top of the faid quay ; and confequently, 
being 4 feet higher than the ordinary neap tide mark, made 16 feet water in the river 
oppofite the quay. At the time 1 was there it was almod low water in the Forth, 
and then the current of die DieVaH" lUfl l!ldiUIiTef able declivity towards die Forth, 
having a fall of not lels than 2 feet. 


The decEvity of the bottom of the river from Cambus ^ay to the Forth s^pears 
pretty regular the bottom oppofuc to and above the quay feems to be mud, inter- 
mixed with large tumbling (tones i thefc (tones being removed, the mud would waih 
away, ib that 1 look upon it as very prafticable to make 2 feet more water at Cambus 
^ay than at prefent, that is, to make 14 feet at ordinary neaps, and i 3 feet at common 
fpring tides. ' 


If more water dian the above ifiould be requlfitc, I Ihould look upon it as more eli- 
dig* out a new djamiel and harbMir from the Forth, which, may be doXe<«h (he 
- * V weft 
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weft fide of tbel>anm, the grauad there be^ kMrnd'ftat, and gentty nfiogfeom-bw 
water mark } this work ma)r> therefore^' be done at a moderate expeace in piopostioa. to 
iuch a work, but yet imift, in. dSggmg* waUing> &c. amount to a coofiderahle fum, 
more than would be necelHuy to rebtiild and enlarge due old quay and deepen the river, 
as aforefaid. 

To the fa&ty of the place there fecms to me no material objedionj for as to ice in 
winter, it cannot do much harm, as it muft be much broken in poffing the bridges and 
dams before it gets to the Cmhus. It is no peculiarity of the river DevWt and is die 
cafo, more or lefs, with every lea port which has the advantage of being fcoured by a 
frelh water river, which is in itfelf very defireable. 

In going up tlie Forth from Mm to the CmhuSt the navigable channel of the tiver 
malces one large half moon, but as it is in general fufficiently Ipacious for veftels to 
turn, this cafe alfo differs little ftom what is common in other tide rivers ^ it will un- 
doubtedly befome hindrance to veflels going 3^ miles further up, but as thbean hardly 
ever be attended with more than one tide lofs of time, and often without dw lofo of a 
dde, it may as well be £ud that the coab ought be carried down to KiH(mdmRo0d, to 
prevent the poffibility of dielofs of a tide m gtnogto Moa. The principal iiqpediineBC tii 
getting betwixt Moa and for veflels of bmthen, b occafioned by a fboal called 

the Fr/^i and this arifes not fo much from want of depth of water, as fromi the nasrowH 
nefs of the channel } for in founding the river at low water the day ahoire fpeciiied, 
we founded in the channel over the Fra/i no lefs than 5 feet, which, though the Ihal- 
lowcft ^ace between JUiM and die Camhut, feems yet a very fofBcient pa^hge, at all 
pn^ times of tide, ^ vefleh bmmd to an harbour, where they oeatld lay dry at 
low water the fame dde. 

ThisfhoalfoemstDconfiftQf a ledge of Aonea which leynehtwftacrefstlwibaiiffem 
S. W. to N. £. coidinmg the channd clolb In with the point, which is mi wend B uie l 
fituation for the channel, but aiifoe from the gwaterfofrnefoof the gMttwMwthM^ 
where the channel is. As this ihoal is Ihort, according cd thfdiiefldDep of lhl^d|nMih 
it feems very pmtfticable to remove the ftones, fo as to increafo the fome in widdi. There 
is at prefenta fuffidency ^width, when proper beeeoM aid fot^ forthb^aflkgh'hi^'i^cAeb 
right Upon attddo^n, but not of tfMde turning tnwlhdwaedi 

Thh Aodl nMy alfo he wvolded by cutdi^ fhe-aeidil e# hut iTihn 

gNhb deynlh duir fiich win bhreqidredi ^thi gMiwd ftehuhg'^lheie to flan 

X 2 hi^er 
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than km water) 'tke depth to which ix tnisft 1x1 carried Behsm low^witer, and dis' 
great width that it moft have in the bottom, to make it a more eligible paflhge than 
by the Fr/ffi, be confidered, 1 believe, it vrill appear that the canal may be extended to» 
for aln^ as little, if not lefs expence. It perhaps may be expefted that If the 
cut is made narrow, and down to low water, that in time it will wear itfelf wider and 
deeper, and fo indeed it may, but whether this will happen in the compafs of feven years 
or t wenty , or whether it will ever happen, as to be (as already fud) a more eligible 
paflage dian the Fn^, I think is out of the power of any man to fay with certainty ; 
tor it is to be obferved, that till it becomes much wider than the Fn^ and equally 
deep, it will be more difficult to turn to windward through it on account of its greater 
length. 

As the natural declivity of the river Svm head to tail of this fuppefed cut is very 
little, unlefi a dam was put acrofs the mam liver to force the current through the cue 
widi fome ceniiderable velocity, the water could not in its natural ftate be expeded ta 
opCr^ very fpeedily i and as the width of the river through its feveral channels in this 
place is very eoa(iderable> fuch dam would be very expenfive, would obfirufl the navi<- 
gation while the new channel was wearing larger, and by depolidng of the matter and di- 
verting the prefont channel, there is no laying but that after all a Ihoal might be formed 
in fome place where now there is none, as troublefome as that we would mean to avoid ; 
for thde leaibns I cannot, in my prefent view of the matter, recommend this divifion of 
the river foom its prefont channek 

; 

With refpeft to rite ^Umenfions of the canals, cut out front the courfe of the river 
IkoMf, they depend upon the kind and fort of veflels to be employed, and the fort of 
veffida will i^jain be determined by the ufos to which they are to be applied. 

If die vefl& aar to be eo^loyed merely in bringing down coals from the collieries to 
the quey, where the .flups load widioutf gmng ineo the Fcr/i, veffds long, narrow, and 
foaUoiwa auiy'bettfod.lridi. advantage but if intended to go up and down the Fer^it they 
dttlMfiHiea dtflSwtdtiednfthid^ 

1 f *• I ' 1 ' » 

I the. nw«g(Mion ^ .limited m v^tfaputgoii^ 

into the Fertk, it wifi be atltnded wijtb numy inconveniencies, but that wilh Stnof 
matt general ufo, if capable of coatainlng veffids capable of going up and down the 
^ 9hvighdng;thecaiaalf for by this iheans nefihk away IwiiMid at 

foMforjto the foajVed%i» .4^ijnwfo i^ 

.•ft If 
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orthejrmajr bcearried up tp SHrlaigt and iq) tuGartmret tn cafi; du; nayi^ 

gadcMi^abawe ctm^pkAndy iilik^ i£ cso&aed.^ dit winding courie of dip F«rtb 

may be done at a very moderate cxpence» aa I have fiirmerty fhewn in my r^wit.oa 
the propoied canal fitan Farib to Cfyde, 

The very extenfive trade up the river Aire and Colder in Terkjhirey which paffes under 
Ferry BridgCy and of which coals is the principal article, is carried on in veffds of 56 
feet longrftcm and ftern, ,13 feet 6 inches widcj and drawing 3 feet water at a medium i ii» 
very dry times in fummer they load 6 inches Icls, and in winter 6 inches more. Thefe 
veflcls at 3 feet draught of water carry, by reputauon, from so to 25 tons, but of npat 
deadweight 28 tons ». they are generally drawn by one horfe, and make way nedriy 
two miles an hour, ftoppage at the locks included ; though fometimes, for the fake of 
expedition, and when there are frefhes in the rivci^ and the vedels. going againlb 
ftream, diey make ufe of two. 

Thefe veflcls not only navigate in the narrow rivers, but go round: into the Trent to 
Gainjborougb and Newarky and frequently down the Humber to Hi^. This fort of veflel,^ 
I apprehend, by the fame rule, would not only go dowri to AUoOy and deliver their car- 
goes there on board (hips, but would occafionally go into the Carretix and through the 
great canal, in cafe the fame fhould take e&Bt,. 


By this means,, if a large (hip meets with contrary winds, or comes in. at fuch a timer 
as to exped being neaped at. the Cambus, (he may be loaded at AUm fronri the boats, in. 
the fame manner as all the (hips at Newcajlle uoA Sunderland are loaded febm the keels, 
there, which carry 21 tons each ; on the other hand, when there are no (hips that want 
loading at AUooy. or they happen to. be brought down (after, then they are (kipped at 
^ Comhuty or fent away in the fame bottoms to other places up or down the Fsrtbff 
they then will be depofited in the coal-yard at Cambuiy ready, for the veiTels thatoamq, 
up thither fer a loading. 


The dimenfionspf the Colder cuts for the veflKls above de(cribed*^n^ li feiet;^< 
tom, the fides (toped 5 feet for 3 feet of perpembcular, and can^g 3I feet of water . 
now}^ Oati^iig ^als upon a dead level on the decliiw of hiUs, i^e ground 
fe.fit^^^fea.:uxrg||il^ but thatt it requires extra cuttings in (bme 

which»^it would be impoflUde tp determme:exaj% ex 

x^ittots, as bi^ for a few yards, would vary die didtenftpps, muft bp, 


. .eomme^ 
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common inequalities of ground in the prefent cafe, I compute upon a'cutof 6&et deep, 
that i:', fuppofing the water 2§ feet within foil ; not that 1 exped it to be ib in the ge> 
neral ; but as in many places the extra cutting will be contiderably more, and the defi- 
ciencies remain to be made good by ib mtich labour, I make that fuppofition m order 
to come at the hiean value. 

Upon thefe general dimenfions I have computed the expence, upon a fuppofition of 
an entire canal, except where it is prbpofed to come into the river, for the fake of 
<jroflring the fame, to get the eligible ground, which amounts to the fum of 9357/. 

ad. Sijppofing the river to be made ufc of in the general from Tillibodie Bridge to 
^auchie new engine, with Ihort cuts to take off loops and place tlie locks, in this 
•cafe, though far Jefs apparent work, yet as the difadvantage of placing the locks, as 
well as of conftru£ting them, and laying their foundation below the level of the river, 
•as it will require a lock more, a greater price for each lock, a greater deptli of cut, 
and, on account of greater depth, as well as drainage of water, a greater price per 
7ard of digging 5 I fay, all thofc being allowed and computed, as in my judgment they 
•ought to be according to the following eftimate thereof, this will make the whole ftretch 
■fronj 'Tillihodie Bridge to the elbow of the river above Satuhie old engine, near Ttllicoutery 
Bumfoot, to .amount to 4793/. whereas if done by canal, according to the firil fuppo- 
•fition, it will coft 5183/. the difference being 390/. in favour of the river navigation; 
but if it be confidered, that following the river increafes the length near i-j mile in 6-^ 
miles, and that the works themfehrjes will be perpetually in greater hazard from floods, 
and need more repair, this difference does not appear to be worth the faving. 

As I o^erwd dte ground very capable thereof, I have computed the value of two 
•miles of canal, which 1 fuppofe, if turned fouthwards a little bdow Menftrie Bridgty will 
-earrf it to this k done upon a fuppofition of 40/. an acre for the land, which I 

.apprehend to be very valuable in that diftrift, the refl: of the dimenfions and prices as 
j>er firft fuppofition ; this will coft the fum of 2408^. This fuppofes a lock into 
Firfjify but being nearly the fame as that at Cemd>m» dte only addition is in die canal. 

» 

AeQ)eftmg die.' pneqs of land, 1 wonld be underAbod once for all, that I don’t in 
siieft eftimates bji any moans propofe to fix a vdue upon it^ as being an affair quite out 
of my province ; ' but Vrhen diSeront ibhemes are to be compared togedier, fome value 
flOuft be affixed to each of the eounponent parts, in order to bring them to acomparifbn} 
ibr the jascaupoa the the fiippofb soil pec acre aven^ price, though 

* ' X am 



I am veiy fenlible that fome of the grounds through which the cuts will pafs, are more 
tiian ten times the value that others are : hut as I apprehend the whole of the fuppofed 
cut from near Menjirie BrHge to Attoa, will pafs through grounds as valuable as the bell: 
in the Devon valley, the comparifon would in no relpe& hold, unlefs an addition waa 
made to thofe fuppofed for the AUoa cut. 

1 now come to the article of water, and for this purpofe particularly obferved the 
new mill at 'TillUfoditj which is fituated upon the river Dn’ort^ and enjoys the whole 
ftream thereof ; its water is penned by the fame dam, from whence die cut is propofed 
to be taken to Camhiis ^ay. This mill, when going at its common rate,, requires the 
fluice to be drawn up 1 1 inches upon a breadth of 3 feet, there being then a depth of 
water upon the foie of 25 inches. 

Having hence computed the quantity of water expended when the mill was going at 
this rate, it comes out to be 1180 cube feet per minute. A lock required to cany 
vcffcls of the fize above fpecified, will require to be 62 feet long, and 14 feet wide, whofe 
area upon cacli foot in depth will be 868 feet ; and fuppofmg a luck to be of 6 feet pen^ 
this will require 5206 cube feet to fill it, and the paflage of each boat will require this 
quantity, unlefs two boats fiiould meet together at a lock, one going up, and die cdier 
down, they then will both pafs with one lock-full ; but as this does not always Jiappen,, 
I generally reckon upon a lock-full to each boat, the favings of water upon die afore- 
faid cifcuinftance going in aid of the lofs of water at the locks by leakage. Now the 
contents of a lock 5206 cube feet, being divided by 1180 cube feet expended ztTillihdie 
Mill per minute, gives 4 minutes for the time in which, the faid mill expends a lock- 
full of water of 6 feet high. 

I 

Again, if we fuppofe 10 boats to pafs in a day, that is>. 5 up and- 5 down, we may 
very well fuppofe that out of thefe 2 may meet at or within fight of die lock ; and if 
lb, a lock-full of water will be faved, which I efteem equal to the daily leakage of a wclU 
made lock } but however, to make aq, ample allowance for lofs of water, not only by 
leakage, but by twaporation and accidents in dry weather,,! will further allow 4 Wk «- 
full per day; the total expenditure will then be 14 locks-full, which will be cquiv;dcn? ti>‘ 
61. 6 minutes, or i’> i'42''; and this will be the time that TiShodie new mill fingly,. 
and the two, mills at the conjointly, will lofe in 24 hours in the driell fcafon*, 

for i.t all other times, when the water runs watte over the dams, the navigation will not 
lellcn die rime of the mills working. 
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% information of the miller, there is in fummer fcarcely half the above quantity of 
water in dry feaibns, that is, they can fcarcely go at that rate above la hours in 24; 
hence the navigation, circumftanced as beforementioned, will confume about tt 
of the water that now goes to the mills in dry feafonsi or, dividing die whole quantity 
into II parts, the mills will get 10 and the navigation i; but, upon my view, it ap- 
peared, that TilliboMe new dam was coniiderably leaky, infomuch that it is probable 
(hat in dry times as much water goes through the dam as goes to the mill ; this will be 
the cafe if the leakage is only half the mill ftream when working; for one being con- 
fiant, and the going but for half time, they will be equivalent to each other; but, as it 
may be neceflary to make Tome alterations in the dam of TUlibodie new mill, if this is 
rendered water-tight at (he eiqience of the navigation, this mill will be a gainer and . not 
a lofer by the navigation. The Cambus mills, however, which are iituated upon the 
fame river, and take their water from the new mill of ^Ulibo^e, and receive alfo the 
leakage from that dam, wiU not be compenfated by that alteration; but as both the mills 
at Cambus work from one head of water, the lofs to them both will be no greater than 
was eftimated for ^ilHbodie mill fingly; but the lofs to neither of thofe fets of mills will 
take place, as to (he lodcage, except for fuch veilels as go down into the Firtb-, for all 
fuch veflels as deliver their cargo into the yard at the Cambus for fhlpping, which may 
be expeAed to be &r the greateft part, will expend no more water from TUlibodie or 
Cambus iiiills. 

It is true that, according to the different ftates of the tide, a perpendicular height 
anight be wanted greater than fix feet ; but as it will be often lefs, I fuppofe the one may 
#)early balance the other. 

It would render the affair of the mills intirely free from compenfations if a ftream 
could be turned into the Devoir, that now goes into fome other river, equivalent to what 
will fup^ly the navigation, which, from my view in paffing through the country near 
the head of the Dovov, does not ieem difficult to do. 

However, upon the whole, it iq>pears, that even in an extended view, the quantity of 
wtater that will be ufed by the navigation will bear but a fmall proportion to die cur- 
rency of the river Dovnir, even in the drieft feafons; and as a ground-work for a com- 
penfation, in caie an equivalent ijuantity of water cannot be brought into the Dlrtw, it 
appears dtaHbr every 5266 cube feet of water thia is drawn out of each head, at fuch 
limes when the refpedive mills can ufe the vhole, a ftisn equal in value to 41V minutes 

woih 
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work of fuch refpefbive mills will be payable to the tenant or occupier of fuch mill or 
mills> he continuing to pay the fame rent as before. 

Now, exclufive of Sauchie engine, which will be proportionably afFefted with the 
reft, there are only three heads of water that will be afFefted, viz. the Cmhus mills, 
which arc corn-mills j TiUibodie new mill, which is alfo a corn-mill j and tlie mill above 
’Tillibodie Bridget which is a lint-mill ; which, in proportion to the value of its time, 
will be affeded in much about the fame manner. 

I make no account of foakage, becaufe this, after the canals are feafoned, will be 
very trifling, and the greateft part will return into the river above the principal mills, 

Auftborpe, September 14, 1767. J. Smeatok. 

P. S. In regard to the fcheme that has occurred to Meflrs. Mackell and Watt, 
fmee I was upon the place/ of carrying a canal upon a dead level from TiUicoutery to a 
point oppofite the fchoolmafter’s houfo at Alloat following the foot of the rifing grounds 
the whole way, and which will be about 30 feet hi^er than the fea, propofing to con-x 
tinue the fame from thence between banks acrofs the flat ground to the waterfide (which 
is not far), or making a cut through the flat grounds to the dead level termination of 
the canal, which plan would fave locks and wafte of water, 1 can only fay, that, from 
my view of the country, 1 believe fuch a projeft praAicable;^ but, as B have ncitber 
plans nor fedlions of the courfe that it would take-, I am in no capacity to the 

expence. 

It is obvious that this canal would be defedive in not foflfering the veilels to pais, into 
the F.orthi. and. that either the banking acrofs the valley, which wosdd be o confiderablir 
height, or digging acrofs it, which would be a confiderable depriij would* be » odii^ 
fiderable article of expence; and that in any view of ttxe aflUrir, if a coAnnanrcaddtt 
with die Forth is dilpenfed with, a confiderable faving may be made, but I apprehend 
not above I -3d, between carrying veflels to navigate the as above ipecifled, and 

thofo the molt ciu-tuled that can any ways, anfwer in point of ^luanti^- 


J. S. 
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ESTIMATE for making a Navigation through the valley of the river Devm from the 
Cambus to Mcllock Glen Foot^ fuppofed chiefly by a canaL 

£* j. 

To widening and deepening the old cut from the Camhui inta Tillihdit new mill-dam* which* 
from the depth of the ground* I efiimate as a new cut* the width at bottom being i 6 feet*, 
mean width at top 36 feet* mean depth 6 feet* at 3V. per yard* will come to 47 /. 1 3 /. 4^ 
per furlong* the length being 4^ furlongs* * - - - - 214 roo 

To I lock from the cut into the tidefway* ... . - . 600 o o 

To 6*14 acres of land* if purcliafed at 20/. per acre* - - -* - • 122 r.6 o 

To 1 cart- bridge for communicating with the land cut* - - - • 40 o o 

To repairing Tdlibodie new mill-dam* fo :is to render the fame more nearly water-tight* 200 o o 

To extra cutting for paffing-placcs, &c. - - - - .27 00 

To extra land for ditto* - - - - • -r5 00 

It^mCambm ioTillibodii Bridgi^ • -- •* - -12.1 960 

To clearing up and deepening the river from Tdlibodie Dam, dirough the bridge* to the 

uil of the next cut* -- - . -.-.50 00 

To cutting 3 miles 1 furlong of entire cut* of the dimenfions above fpecified* from Tittibodie 
Bridge CO Sauebie new engine* that is* 25 furlongs* at 47 /. 13 /. 44/. * 1 191 1 3 o 

To 34*1 acre of land* if purchafed at zoL at a medium* ... 682 o o 

To a road-bridge over the cut* anfwerable to Menfirie Bridge, with a Hone arch* - 80 o o 

To three cait-bridjgei to preferve the roads and communications between lancb* from the 
above to Autf-jUr new engine* - - - • - -120 00 

To extra catting for paffing-places* &c. - - 149 o o 

To extra land for ditto* - - - - - -8500 

To digging a cat from Sauebie new engine to the elbow of the river near TilUcoutety Burn 
Foot,^ being in length 1 mile or 8L forlongs* at 47A I3r« 4<4 per furlong* « , - 38.1 7 o 

To 10*91 acres of land* at 20/. 218^ 4 o 

To a can-bridgei over this cut* - - - - - - 800^ 

To3^1oek»,iipQ]athi& diflrift* at joo/. each*. » ... 1500 o o 

To extra cutting for paSng-places* &c. « - - - • 48 o a 

To extra land for ditto* - - - - • - a; 00 

To exUa expenoe in cutting through the rifing ground at the Coble Crook, - - 100 o o 

Item TittibeBe Bridge to the head of SemeUe Catt • • - - -47i240» 
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To raifing a dam to pen about 7 feet water in the elbow of the river next above Saucbie 
old engine, near the foot of Tillicoutery Burnt - - - - . 500 o • 

To embanking the flat ground adjacent to the river Devon, on the north fide from the faid 
dam upwards, fo as to be flood-proof, fuppofing it, at a medium, to be | of a mile in 
length, 6 feet height, 6 feet top, and 24 feet bafe, this will contain 4400 yards, ramming 
and fodding or turfing included, at 4 - - - - * 73 7^ 

To 1 f acres of land, that will be cut acd covered by this work, • - -3000 

To extra expence in fecuring the land near the foot of the dam, and in guarding the fame 
from the effefts of tillicoutery Burn, fuppofe - - - - - - too 00 

Expence of continuing the navigation half a mile up the river Devon, from the head of the 
Saucbie Cut to the tail of the cut near the bridge of Tillicoutery, ... ^03 7 o 

To widening or making a new cut paft the bridge of Tillicoutery, from the dam into the river 
below the tunnel wherein the engine water crofles the fame, being in length 2 furlongs, 
at 47/. 13 j. 4 i/. per furlong, - - - - - “ 95 7® 

The land cut and covered will contain 2,73 acres, which, at 20/. an acre, comes to • 54 12 o 

To a lock upon the faid cut, ...... joo o o 

To a road-bridge over the faid cut, anfwerable to Tillicoutery Bridge, - • 80 o o 

The cut, fee. to pafs by Tillicoutery Bridge into Tillicoutery Dam, • . - 729 19 o 

To cutting acrofs the flat grounds from the firft elbow of the river above Tillicoutery Dam to 

Mellock Glen Foot, being in length g furlongs, at. 47/. 13/. 4^. - • - 262 3 o 

The land cut and covered 7,5 acres, at 20/. per acre, • • - *150 00 

To a lock upon the faid canal, 500 o o 

Two cart-bridges for preferving communications, - - - - 80 o o 

To extra cutting for pafling-places, &c. - - - - - "3300 

To extra land for ditto, - - « • - - -19 00. 

To carrying the navigation from Tillicoutety Dam to Mellock Glen Foot, • - 1044 3 o 

SUMMARY of the Eftimate for making a Navigation through the valley of the river 
Devoiti from the Cambus to Mellock Foott fuppofed chiefly by canals. 

Frotti Camhu ^ay to Tilliiodie Bridge, • * - * -121960 

From Tilliiodte Bridge to the head of Saucbie Cut, at the elbow of the river above the old 

engitit Bi Saucbie, BXidnesutTillieeufery Bum Foot, - * - -471240 

From thence, through the river, to the foot of the cut that pafles Tillicoutery Bridge, - 703 7 « 

cxxxxi'fo&hy Tillicoutery Bridge vaXQ Tillicoutery Dam, • - *729190 

From TiUicouUry Dam to Mellock Glen Foot, * - - • • . 1044 3 o 


Carried over 8408 19 o 
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Brought over • 8408 19 o 

To 61 miles of towing-path, whlclu towing-bridges, gates, ftiles, back druns, kc. is 
fiippofed to col);, 15/. per mile, - - • • « -97100 

8506 9 o 

Add 10 per cent, for anfoi'cTeen accidents and expences not indoded in the foregoing eftimate, 850 is o 

9357 * 

ESTIMATE to lliew the difFerence between keeping the river as much as pof- 
fible from Tillibodie Dam to Sauchie new engine, and the entire canal before pro- 
pofed. 

To clearing up and deepening lillihodie Dam^ through TilULodie Bridge ^ to the tail of the cut, 

as before, - - - - - - - -5000 

To cutting from TiUiboJie Bridge into the Lhit Mill Dam, being in length 4 furlongs, and 
%vliich palling through deeper grounds than if cariied upon a dead IcVel, may be fuppofed 
7 feet mean depth, which, with bottom and flopes as before, will contain 18164 yards, and 
wlikh being deeper, and partly under level of the river, fo as to require artificial drainage, 

I reckon at 4 per yard, - . - • • -3 19 So 

The ground cut and covered wUl be, at a medium, 100 wide, and therefere 4 furlongs 
will contain 6,06 acres, which, at 20I. an acre, comes to - - • 121 4 o 

A lock upon ditto requiring drainage, and to be built higher than if upon a dead cut, - 550 o o 

A €ar(-bi 4 dge over the cut for communication, • - - - -40 00 

The work to pafs the Lint Mill above Tillihodie Bridge, - - - *10 80 120 

To making a cut at the letter of 1 furlong of dimenfions, as the fbnner, will contain 4791 
yards, at - - - - - ♦ - 79 17 o 

The cut and cover will contain 1,51 acres, which, at zoL comes to * • - 30 a o 

A lock upon the cut as beibre, • - ..... q o 

A cart-bridge over the lock for communication to the ifland, - . - 15 o o 

A dam to pen the water, ...... joo o o 

Cut, &c. at the letter A, - - - ♦ . . . ^7^ ip q 

To making a i^lar work at B, which will carry the navigation to Saueb/e new engine, - 974 1 9 o 

To 1 m 3 e of cut, fiom Sauchie new engine to the elbow of the river near Tillicoutery Bum 
/‘oof, as per fbrtner efliinate, - - - - - -381 70 

The land for ditto, as before, - - - - - -21840 

To two cart-bridges, as before, - - • - - - Booo 

To a lock from the cut into the river, ..... 0 0 

To extra cutting for pai&ng-places, Ac. as before, - - - - 48 o o 

To extra land for ditto, as beibre, • » - - -2700 

Cot fhun difwn&r# new engiqe to ^ . 1304 11 o 


SUMMARY 
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SUMMARY of the foreg<Mg eftimate. 

jC* 

1080 12 O 

974 19 o 

974 19 o 

1 304 1 1 o 

22 10 O 

From 7 illihfidii Dam to Sauchie Cutt by keeping as much as poi&ble the courfe of the river^ 4357 1 1 o 
Contingenciesj at 10 per cent. ...... o 

4793 5 o 

By an entire canal, as befbre« 4712 4 o 

Contingencies, at 10 per cent. « • - 471 4 o 

— r . 5*83 8 o 

Diffeitnce of expence in favour of the river navigation, . » * ^go 3 o 


ESTIMATE for continuing the navigation, by Canal, to or near JUea, 

If, inllead of dropping the cut into the river juft above Tillihodie Bridge, the level be preferved frooa 
the Coble Crook, and turned from near Menjlrie Bridge towards Alloa, the increafe of diftance, accord- 
ing to plan, will be about 2 miles. 

£• 

To 2 miles of cut, at 47/. 13J. 4^. • . . • . ^$2 13 o 

To 21,8a acres jf land, at 40/. per aae« gy2 16 . o 

Suppofe 2 road- 4 )ridges, at So/. ...... igo q ^ 

To 4 cart-bridges, at 40/. ..... 160 o o 

To 2 miles of bawling track, at 15/. - - - • 30 o d 

To extra cutting for paffing-places, 8rc» ..... 9500 

To extra land for ditto, - . - » « - * 109 

2189 9 a 

Ten per cent, for unforefcen events, &c. - • - - « 219 >0 . o 

Addition, to tnity the cat ^ it h - 2408 9 o 


Cut from Tillilodii Bridge into Utu Mill Dam^ 

Cut, See. at the letter A, 

Ditto, at B, 

Cut from Sauchie new engine to TUUcoutery Burn Fooi^ 
Incrcafe of bawling track mile, at 15/. 


'^fthorpcf September 14, 1767* 


J. Smeatok. 
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Lord Cathcart’s Queries of the nth of September, 1767. 

To Mr. Smeaton, from Lord Cathcart, September ii, 1767. 

TN winter the frcflies and quantities of ice are fo great, that it is difficult for fhips to 

lie in the Fortb ; they arc obliged in that feafon to Ihelter thcmfelves in what is called 
the Paw of Alloa j they cannot go up to CambuSj nor can boats come down, which would 
prevent a conftant intcrcourfe between the Devon collieries and the fliips in the Foribt 
fuppoling the navigation to be made partly in the Devon^ and partly in cuts from 
aoutery to Cambus^ where it joins the Forth, 

There is another method which would be certain and condant *, except when the^ 
canal was frozen, and is as Allows: llippofe Lord Cathcart’s aquedudl; were to be 
widened to the proper lize, from the pipes at Tillicoutery to the new engine at Sauebuy 
and from thence carried on upon the fame level to the weft end of the town of Mooy it 
would finifti upon a bank about 1 5 feet higher than the pier of Alloay and about 300 
yards diftant from it $ from this dead water canal a branch may be carried off, which 
will be veiy fhort, and which will terminate equally on a bank near the Forthy a little 
below the mouth of the Devony from both which banks the coals may be conveyed in 
waggons to the fides of the fhips at Alloay or boats at Cambusy which come down the 
Forth from the upper parts of the river. 

In this plan there are the following advantages : 

There will be no locks j there will be no wafte of water, which will be particularly 
agrce^le to fome proprietors principally concerned. 

The boats may be contrafted in width and increafed in length, and may be very flat, 
and confequently the canal much Ihallower and narrower, than if it were to carry boats 
^to navigate the Devon or Forth. 

And for thefo reafons it is foppofod the navigation may be executed cheiq)er» and with 
more ceftain^ dian in any other method, and may in. the fame manner be carried up the 

’ * tSace writing, 1 have been bfonned, that the water drawn fiom die pits, with which the canal before 
■dwaienwil woidd be iOledj sa*^ ficeaes. . 

-river, 
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river, as far as proprietors pleafe, on the north bank, although on the upper part there 
will be a neceflity to have fome locks, as it muft be on a higher level than the under. 

Query ift. Were fuch a canal to be executed, what woiddbe the proper dimenfions 
of it, and of the boats, and what would be their burthen ? 

Query ad. "W ould there be any difficulty in carrying fuch a canal over rough ground 
about Cobble Brook^ or any danger that it Ihould penetrate into the wafte of the Alloa coal 
over which it niuft pafs, or that by any little falling in of that wafte, which now and then 
may happen, the canal may be loft ^ 

N. B. The wafte is 20 fathom below the furface, and there are collieries which do not 
lie deeper, and are wrought under the lea without inconveniency ; but as this danger 
ftruck the proprietor, it is thought proper to afk the queftion. 

Query 3d. How much per mile ought fuch a canal at an average to coft ? 


ANSWER to Lord' Cath cart’s Queries of the nth of September, 1767, 

To query ift. THE boats proper in my opinion for a fmall canal, is not to make 
them of extraordinary length, but to make them go in pairs ; the fternmoft boat ferving 
as a rudder to the headmoft boat. Which not only gives them a very great advantage 
in turning, but by keeping them- fhort renders them much ftifier, and confequently 
fubjeft to lefs wear and tear. 

This method is pradtifed in all the rivers and- canals connmunicating with the great 
levels of the fens of JJncohtflnret Cau^fridgi^ire, Noffolk^ &c. where they lbmed|g^ go- 
in gangs of four, five, fix, fomedmes feven, in a firing, and where the fecond boat,- 
fleering the firft, is followed by all the refi in the fame curve ; their burthen is from 15. 
tons to 5. 

I cannot, however, recommendfo many of Aemifor your purpofe, as your voyages wilfc 
be fhorter, the returns quicker, will be managed with fewer men and horfes,. and in a 
very narrow canal more eafily dite&ed* 


The 
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The dimenfions 1 would recommend for your ufe are as follows : 

F. I. 

{ Extream length, - . . o 

Extream breadth, - . . 9 o 

Draught of water loaded, - 26 

{ Extream length, - - - 36 o'] 

Extream breadth, - - - 90 iBurthen 10 tons. 

Draught of water loaded, > 2 4J 

Thefe two boats will be drawn with one horfe from 2 to miles per hour, and will be 
managed by one man on boai'd. 

A canal proper for fuch boats, fo as to fuBer them to draw freely, Ihouldbe 12 feet 
bottom, with 3 feet depth of water j the width of the water-line will vary according- to 
the batters ; but fuppofing thofe at a medium to be 3 to 5, and. the furface at a me- 
dium 2 feet within foil, the ordinary expence per mile, at 3 d. per yard, will be 242 1. 
find the quantities of ground, including cut and cover per mile, will be about 6 acres 
Efiglijh meafurc. 

Where great hollows are to be filled, or hills to be cut, the extra expences thereof are to 
be further allowed, as all the charges of aquedudt and common bridges, tunnels, back- 
drains, towing-padis, &c. to be added} alfo allowance made for pafilng-places, turn- 
ing-places, &c. which may in a great meafure be judged of by my report and eftimate 
shready delivered on the fubje<fr of the nver Devon, but esmnot be more particular at 
prdenii for want of plans, fe&ions, and time. 

To query 2d^ I don’t apprdieiKl any extraordinary difiiculty with the roug^ ground 
about Co^ile Crook, more than what happens in like cafes. As to danger from the foiling 
in of the old wafres of the ^lloa coal, 1 don’t apprehend they can affeA the canal, or 
the canal afieft them, unlds there luq>pens a fail immediately under the canal which 
reaches the furfoce } in. this cafo, the water of the canal will undoubtedly make its way 
down into die walbe ; but if freps are confirudbed at proper places, as 'is done in the 
DulceofBamofiWATEu’sc^als, no great quantity can goi down, and.the hreachmay 
be reputed fo as to be water-tight as atfirfti but if waftesof collieries are fupportedUke 
thofe which are worked nnde. tli? fea, and are not ufed to fall in fo far as the furface, I 
(pm foe no reafon foe this apprehenfion. 

8th Oftober, 1767. SlMEAtoNi 


•Burtlien i2 tons. 
. ' 


P. S. I don’t 
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P. S. 1 don’t know that it is a property of coal>pit water mt to freeze : it is certain 
that die water from all mines comes out of the earth at about the forty-ei^th degree 
of Farenheit’s fcale .of heat, it muft therefore remain unfiozen till by the liiperior 
cold of the external air, and furface of the earth, it is reduced to thirty-two de- 
grees of the fame fcalc. If it has any property by which it remauns unfrozen, after 
it’s heat is reduced below diat degree, it is a peculiarity I am unacquainted with. 


MEMORIAL and QUERIES relative to Mr. Smeaton’s Report of 
the Navigation of the Devons of the 14th of September, 1767; 
from Lord Cathcart, the 14th of March, 1768. 

li^R. Smeaton, in his report of the Bevon Navigation^ dated September the 14th, 
*767* lays down the following propofition. 

That the navigation may be carried up from the Forth at Camkus to old Sauclne, by' 
two methods, which he deferibes and eftimates, by making a canal the whole way from 
Tillihoiie Bridge to SaaebUt or by making a cut from Tillibodie Bridge to Mhffirie Lint 
Mill Dam, and making ufe of the bed of the river from thence to old Sauebie, 
Mr. Smeaton eftimates the expence of this part of the navigation from the Forth to 
Sauebie in the firft manner, that is, ufing the nver as little as polTible, at 5183/. and in 
the fecond, that is, uflng the river as much as pofllbl^ at 4793/. uid though the 
former, according to his eftimate, will cqft 390/. more than the latter, he prefers and 
recommends it, for the following reafons, viz. becaufe the diftance will be Ihortened 
1 ^ miles in 6 ^ miles, and becaxife the works will be in lefs hazard from floods, and 
will reqiure lets lepur. 

The following confideraoon^ in favour of the focond method, are frfonutted to 
Mr. Smeaton, who> when he made his report, was under the di&dvantage of being 
derived of papers and memorandums relative to the levds, and other circumftances td* 
die Devon, 

ift. There is almady 4I feet of water in die Devon, from the Unt as for up 
as CeUe Brtnk Ford, fo that the work ift Ai in Mr. Smsaton’s Flan, eftimated at 

vouh z ' 
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975/. being In water 9 feet deep, cannot be neceflary, the price of itou^t to be added 
to the balance in favour of the fccond method, and will raife it from 390/. to 1465/, 
which is an objedt. 

• idly. From Cohk Crook to Henuk's Bum, a convenient place for J)oats to lie in, a 
little below Smtcbie new engine, there is a rife of no more than , 3 feet 2 inches ■, 
at Cclk Crook there is a foundation of rotk, with rocky and fteep banks on each fide, 
and a very good quarry clofe to it, fo that there feems no reafon to believe a dam of 
3 feet 2 inches high, and a lock of that rife, can poflibly coft a Aim, upon any principle 
of Mr. Sm baton’s other calculations equal, or near equal to 975/. but it may be 
proper to leave that article as it ftands, becaufe if the people of yil/oa are cut off from 
by the ford being deftroyed by the dam, there will be a neceflity to build a 
bridge over the Devon, probably at Sauthie, as there is a good foundation and a quarry 
at hand, which will cofi: 200/. if fo, the expence of the fecond method will remain 
3818/. 

3dly. If the firft method is ufed, the expenditure of water from the Tillicoutery Dantt 
which fupplies Sauchie engine, will be incrcafed by the confumption of the Sauebie and 
CoUylmd coals, which in the fecond method would embark in the river above the 
Coble Crook Dam, and would wafte none of the water belonging to the Tilliceutery Dam ; 
and it muft be remembered that the Sauebie engine can on no account give up any 
water which it has or may have occafion for, and has at prefent a right to. 

4thly. The greateft difficulty attending works now to be carried on in Scotland, will be 
the want of labourers. The execution of the fecond method will not require above 
ene-fixth part of the labourers the firft would require, becaufe the digging is as ^ 
to 3i and the lockage as 3 1 - to 20. 

5thly. As the Idnt Mill and Tillibodie MU Dams have been proof againft the greateft 
floods, it may be prefumed that the Coble Crook work, which is better placed, and will 
be better, mil be equafiy fide, arid wtU be a fecurity to. the woiks below. 

Query 1 ft. Upon the whdk bf theft confiderations, does Mr. Smeaton admit the 
deduAion of his work at A, and it’s expence 975/. Does he recommend the canal 
from Sauthie to TiUibodie Brieve, o 7 die river from Sauebie to the Unt MiU ; and if the 
latter, would he pk^‘t)ie bdt at Craeil,' or at any fiitintito'above it, inudiich 
cafe die Tbriif muft be duelled ? ' ’ . 

I^rop<S(icion 
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Fropofition sd. Mr. Smsatom propofes to carry up the navigation from Sauchie to 
^il&coutery Bum Foot by canals to raife the river by a dam to fupply that canal, to crofs 
the river and lock up into a cut on the north fide and on the level of ‘Tillicoutery DatUt 
to repafs the river above Tillicoutery Dam^ and lock up into a cut on the level of the 
tail-race of the Rack Mill^ and in that cut to proceed to Mellock^ and for thefe operations 
he makes the following charge : 




s. 


From Sauchie new engine to Tillicoutery Burn Foot, • - • • 

>304- 

II 

0 

From thence, through the river, to the next cut, - - - . 

703 

7 

0 

Cut into Tillicoutery 'Dam, 

729 

>9 

0 

Cut from thence to MeUock Foot, - - . .. 

1044 

3 

0 

Towing Path, at 15/. per mile, for 2 f miles, - 

37 

10 

0 


i^-38>9 

10 

0 


It is fubmitted to Mr. Smeaton, whether the following method would not be pre- 
ferable, for the following reafons, viz. To enlarge the Sauchie aqueduft to the fize of a 
canal from the New Engine acrofs the road leading to Tillicoutery Bridge, to carry it 
either on the fame level as far as MeUock, being a miles and a hal^ and there raife it 
by a lock to a level of the tul-race of the Back MiU, and continue it from thence the 
Ipace of 1 mile further to the tail-race of die faid mill, or by placing the lock nearer 
'Tillicoutery Bridge, and railing the level of the canal earlier, as may be thought mt^ 
convenient i 

■ift. Becaufe this work will be entirely out of the reach of the higheil Boods, and 
the works at Tillicoutery Bum Foot, the moft precarious and expenlive, in point 
repairs, In the whole navigation, will be faved, and the price of it being 703 /. will 
probably more than anfwer the extra expence cS carrying a canal ^ng the fouth bank 
of the river, betwixt TBUcoutery Bridge and TUlicoufery Dm, where the ground is moie 
narrow and difficult, as well as the additional length of canal beyond Mr. Smeaton*s 
calculation, amountii^ to 6 furlongs, which, it is sq^hended, wtU req^ne lefr 
expence in (figging and in land than the Ihorter place, which is propofed na-nin througih 
ground mudi ituwe valuably and to be cut much deeper withb efpecudly benrixt 
Sauchie and TUUeoutery Bum, 

ad. Becaufe . 1 ;^ keeping the canal an feet above the level o( thr river at Hanukt 
Bum, it may be, wmH. the feme expenoew coautaumcated by locks at that point, as if 
the lockage had been difperfed along the whole courfe of its and .if either money or 

Z 2 hands 
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hands ihould fall ihort, the executbn of the(& 20 feet of lockage might be poftponed, 
and an immediate communication opened, for the time being, betwixt boats coming 
up the Devon, as far as Sauchie from the Forth, and boats conning down from the Rack 
Mill to Sauchie, till the jundbion is co uplcated bjr locks. 

3d. Bccaufe, by carrying up the navigation i mile beyond Mellock, no additional 
lockage will be incurred, as the lock necelTary is marked in Mr. Smeaton’s plan, and 
the expence included in his edimate ; fo that the additional expence will be no more 
than the digging, land-bridges, and towing-path of i mile, amounting, according to 
Mr. Smeaton’s eftimatc, to 769/. and the benefit of water carriage will be communi- 
cated to Dollar and the country above it, as there is now a bridge at the Rack Mill, and 
to the Blairngon Colliery, to which a road for the carriage of coal may ealily be made ; 
and it is fuppofed that the produce of that colliery, whether carried to the fea or to 
the north country, would go down the Devon, which would both increafe it’s produce 
and raife it’s tolls. 

Query 2d. Is Mr. Smeaton of opinion, that the navigation ought to be carried 
up to Mellock in the manner above defcribed, keeping the fouth fide of the water the 
whole way, and that the expence will not exceed the above eftimate of 3819/. lor. f 
That it ought allb to be carried up to the Rack Mill f and that the additional expence 
will not exceed 769/.— in all 4588/. los.? To which fuppofing 3818/. to be added, 
for the fpace betwixt Cambus and the Sauchie, the two fums will make 8406/. los, and 
with S43/. loj. ibr extraordinaries, the whole expence of the navigation from Camius 
to the Rack Mill, for boats drawing 3 feet water, will amount to 9250/. according to 
the principles of Mr. Smxa ton’s eftimate. 

* 

Query 3d. As the boats defcribed by Mr. Smeaton, drawing 3 feet water, are only 
fit to go down die Forth, as far as Carron, with which the Devon, as both their pro- 
duce in coal cannot have much intercourfe, it is defirable that a foot of addidonal 
depth Ihould be given- to the works below Sauchie, in order that they may be paflable 
for boats drawing 4 feet water, 13 ^ feet wide, 42 feet long, and carrying 25 mns { 
fuch bosfs beii% conftrufted in^ dtc Cfyde, for the navigation of the h^hland feas, and 
therefore fuppofed fit to go to Leith, and in fummer to the north country; Query, 
What additional expence would this alteration coft ? It is fuppofed, that if a foot 
'were co be addled' die ILilar'A^aind TiRthedie MUi Dim, the river would (till be 
widiia'lbih tad vfbuld require no bankiitg, anda if fei> that a- feot more water would 
^ • be 
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be thrown into the two cuts without any further expenen for extra digging, and that in 
the rivet there is a fufiiclent depth. . 

Query 4th. What would be the expence per miTc of deepening the canal i foot 
between Sauebie and. the Rack Mill ? 

Query 5th. The ground being favourable for cutdng a canal,, on a dead level, from^ 
the Lint "Dm to Stirling . where it might be communicated, by a lock or locks of 
i.i feet fall, with the Fortb^ it would be proper to include this circumftance in the aft 
of Parliament, becaule not only all the coala for the north country fale would be con> 
veyed by it to Stirling Bridge^ but alio the Upper Forth boats coming to the Devon for 
coals would lock up at Stirling Bridge, rather than Cambus, as they would fave near 12 
miles each trip ; the expenditure of water would be diminiihed rather than increafed, 
becaufe the lockage is not computed at more than one lock-full per day. The eoals 
for the north country and for Stirling ytoxild' waft'e no water, which they muft do were 
they to go down the Devon and up the Forth, and the boats coming and goihg from 
and to Craigferth would wafte the fame water, whether they entered the canal at StirUt^ 
Bridge or the Devon zx. Cambus. Mr. Smeaton eftimates 2 miles of canal between ^ 
Menftrie Bridge undAlUa, at 2400/. and the lockage from the level of the former into 
the Forth of the latter, at 1100/. — in all, 3500/. Query, The height being the fame, 
and the diftance one third greater, is not 4700/. an adequate price for the branch from 
the lint Mill Dam to Stirling Bridge, being 3 miles in length, and for the lockage into 
the Forth? viz. together with the former fumof 9250/. would make in all 1395011. for, 
the navigation of the Devon, and for the branch to Stirling. 



PERTH 
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PERTH BRIDGE. 

MEMORIAL for Mr. Smeaton. 

Auguft, 1763. 

* I ’•HE Jufticcs of Peace, for the county of "Perthy at their quarter feflions in May 
laft, having entered into feveral refolutions to promote a fcheme for building a 
bridge acrofs Tay, at or near Pertby did, among others, appoint a committee of their 
number to meet with and confult Mr. Smeaton on this fubjeft. 

Thefe gentlemen now take this opportunity of applying to Mr. Smeaton, that he 
will vifit and infpeft the river at and near the town of Perthy and report to them the 
proper place for erefting fuch a bridge, paying alwife a particular attention to the fafety 
of the town of Perth and the adjacent grounds, as well as the bridge. 

He will be pleafed, at the fame time, to confider how far a liable bridge, of any 
otlicr materials than Hone, can be condrufled, fo as to anfwer all the requilite purpofes 
of carriages, &c. and be made more properly adapted to the iituation and rapidity of 
the river and fafety of the town. 

As Mr. Smeaton will fatisfy himfelf as to the meafures of the breadth of the 
river at the different places, it is only necellary to obferve, that the land-floods 
often fwell the river, with great rapidity, 14 feet higher than the water is in fummer, 
and that the llream-tides flow to the height of 8 feet, or thereby, oppoflte to the 
Nmb Keyy where the former bridge was built, and that the bed of the river is gene- 
rally hard gravel. 

If Mr. Smeaton Ihould approve of the fcheme, and determine on the Iituation, 
it will be proper that, with copveiucncy, he. make a plan of fuch bridge as he lhall 
judge moft eligible j for which plan, and his trouble in vifiting the river, the committee 
will properly gratify him. 


The 
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Tlie REPORT of John Smeatou, Engineer, concerning the prac» 
ticability of building a bridge over the river at Perth, in anfwcr 
to a memorial thereupon addrefled to his confidcration by the com- 
mittee of Juftices, bearing date Auguft, 1763. 

TTAVING, purfuant to my inftruftions contained in the faid memorial, examined 
the foundings of the river T ay, at and near the town of Perth, in the month 
of Auguft laft, as well as other circumftances relative thereto, 1 am of opinion as 
follows ; 

ift. That from the rapidity of the river, and the quantity of ice, faid to come down 
the fame in winter, that though a bridge may be built of timber fufficient to anfwer 
the purpofe for a number of years, yet, to give the fame the necelTaiy degree of 
ftability, will, in it’s firft ereftion, be near as expenfive as if built with ftone, and, 
from the pcriflublcnefs of tlie materials, be fubjeft, in the courfc of a few years, to* 
great and expenfive repairs ; and withal confidering that this is a part of the country 
where good workable and durable ftone is cheap, and good oak timber dear, I can by 
no means recommend a bridge of any other materials than of ftone. 

ad. I am of opinion, that it is prafticable to build a durable and ufeful ftone bridge 
at or near tlie town of Perth, and without any danger or hazard to the town likely to 
arife therefrom, provided it be conftrufted with a fufficiency of water-way. 

3 d. I am of opinion that two of the moft proper places for the fituation of a ftone* 
bridge is either in a right line with the Town Street, nearly where the old * bridge was 
erefted, or a little above the town, from the Tenter in the North Inch to the oppoftte* 
ihore in James Btffett'% garden. 

r 4 th. Of thefe two places, I prefer the latter, on account of lefs difficulty and lels 
cxpence •, for though the river is wider at the latter fituation than at the former ; yet, asK 
the depth is confiderably left, the expence and hazard of making coffer-dams for laying 
the foundation of the piers, will be very confiderably greater oppofitc the town than at 
die North Inch } and the expence of making dams and clearing die foundation will 

• BttSt by Jehg Mjlnt, and fwept away (in 1621) by a mighty inimdidaa. 

-be 
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be further enhanced by the remainder of the old piers, all or tnoft of whofc foundations 
probably remain in the river. 

•5di. In confequ^nce of this preference, I have made a defign for a ftone bridge to 
be.ere£bed from the tenter at the North Inch to the oppofite Ihore, which accompanies 
this report, and have alfb annexed an eflimate of the expence ; the width of die river 
-here I make to be about 653 feet. 

bth. It is to be remarked, that it appeared to me, from (bunding, that the bed of 
the river was every where a firm gravel, fufficient to fupport the weight of fuch a 
bridge as I have propofed ; but from information I learnt, that, in digging near the 
river, there is every where a ftratum of fandy clay, laying about 4 feet under the bed 
of ,tlie river, and about 4 feet thick : now, as fome excavation in the bed of the river 
will be neceflary, this will reduce the upper cruft of gravel fo tliin, that the ftratum of 
fandy clay, being of a yielding nature, the bridge cannot with fafety be trufted upon 
it without piling, nor even with piling fo fecurely ; nor can it be done at lb fmall an 
expence as by carrying the foundation dowij to the furface of the under-bed of gravel, 
which is faid to reach to an unknown depth. For thefc reafons, I have fuppofed the 
foundation of the bridge to be laid 8 feet under the bottom of the deepeft part of the 
river, where the bridge is propofed to be fixed, and have eftimated the expence accord- 
ingly } but if it Ihould turn out, on boring or dig^ng, that the upper ftratum of 
gravel is confiderably thicker than here fuppofed, or that no fuch ftratum of fandy 
clay fubftfts at this place, then a conliderable expence will be faved, the foundation 
being here fuppofed to be laid 10 feet under the furface of the river at low water in 
dry leafons. On this account, 1 would advife the foundations to be tried befbre any 
thio|g definitive be detemiined. 

7th. It is to be further remarked, diat the prices in the following eftimate are fuch 
as are ufual for fuch kind of work 'in this part of the kingdom, and fuch as I appre- 
hend it may be done for at Perth } but, for further fatisfii£Iion, if the committee pleafe 
to order my effimatt to be drawn out, with the quantities there inferred, without the 
prices, they* will have an oj[pOrtunity of having the fentiments of the workmen of die 
coumry thereupon, caufing them m fill up die fame j only regarding the coffer-damsn 
as the method therein propofed cannot be explained without models, nor indeed fuccefs- 
folly praftifod but fay a perfonwxpoienced dierrinj their fenfe thereupon will be beft 
had, by ftatlng the internal circumforence of the dams, and that they are, at a medium, 
10 pen out 6 feet water : the ctmiinittee will thereby come at die coft thereof in fuch 
inethioil as^the workmen themfelves would propofe ; but, as die mediod is put in daily 

practice 
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pra£tic« here, the committee may depend on it’s being practicable, and at the prices 
ilated, unlefs there is a material difference in the value of timber and' labour hene and 
at Perth. 


ESTIMATE for ereCling a Stone Bridge over the river Tay, at Pertb, from the 
Tender at the North Inch to the oppofite fhore ; to have 7 principal arches, extending 
605 feet 9 inches, and in the whole length 893 feet; to be 22 feet in the clear, 
within the parapets, and to have a walking path on the fouth fide of 4 feet wide. 

By John Smeaton. 


COFFER DAMS. 

THERE being, according to my information, a ftratum of hard gravel at the depth 
of 8 feet below the bed of the river, I propofe to found the piers immediately thereupon, 
without piles or grating ; and in order to come at this foundation, as the river will not 
in it’s low Rate be above 2 feet deep of water, and does not rife at ordinary ipring tides 
more than 8 feet above this mark, and at neap tides little worth regarding, I reckon 
that a dam, capable of holding out the water 4 feet above it’s low Rate, will enable the 
w^orkmcn to work nine or ten days fucceffively between each fpriug tide ; and I apprehend 
a dam of this height will not only be conRrufted at a much lefs cxpence, but be lefs 
fubjeft to hazard, than if raifed fo as to pen out the fpring tides ; this dam to have a 
fluice upon it, to let the water in and out, as occafion lhall require ; and, for the more 
fafe and ready excavation of the matter, I propofe die dam to be placed at a. medium 
16 feet diRant from the bafe of the pier, and to be of an elliptical figiirc, the better to 
refiR the tides and floods. 

To z6 gage piles, of 10 feet long, at to/, each, - , - ' *3 ® ® , 

To 2328 feet fuperficial of plank piling, 9 \ feet long, at 1 /. a^. • 135 ® 

To 122 cube feet of timber, in Hiring pieces, for fupporting the pile heads, 

at - 18 6 o 

To extra work, in making a fluice for letting the water in and out, - 2 10 o 

To dmber work in one coffer dam, • * - - . - “ £• *** * 

• In the efomate deUvered in, this number was by miftikecaOed s inftead of lax. and the dependent fumt 
beiiw lefi accordingly, made foe ankles of* foe coffer dams be 724 /. a x. iiiftead ff 726/. 2^. 

„ Voi-I. A a - . To 
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. To file flioes^ for gage piles, at i u each. 

To plank pile flioeing, 24.5 running, at Gd, 

To 25 bolts for the firing pieces, at zs. each. 

To extra iron-wrork about the fliuttle, and contingencies. 


Brot^ht forwards, 
1 6 o 

- 6 z G 


To iroxiTivork about one coffer dam, . . • • . 

A coffer dam complete, 

The materials for the firft pier is fuppofed to be of half value toward each 
fucceeding pier* which will therefore be No. 6. 3190./. 15^. id. each, 

Coffer dams for the whole . , . . 

Excavation and drainage. 

To excavation of the matter 722 yards, at 6 d. comes to, each pier. 

To drainage of die water, fuppofed equal to 50 days, at 20/. per day, 
per pier, 

To excavation and drainage of 6 piers, the 2 abutment piers, and fbun« 
dation for the wing walls, bring fuppofed equivalent to 2 piers, the 
whole will be equivalent to 8 piers, at 66 /• 1 $. each. 


18 i o 


50 o o 
68' I o 


^44 * 0 


Mafonry in the piers and abutments below the fpringing of the arches. 

To ]q8o feet fuperficial of aibler in each pier below, water, ztjd, • 31 10 O 

To 1x76 ditto above water, at • - - * 39 4 

The whole pier, in folid, contains 467 cube yards, including labour, car- 
riage, tarras noitar 6 inches in the oiitfide joints, and all materials, at 
5 r. per yard, - - - - - 116 15 o. 

N. B. The aibler being at leaft 20 inches bed, and cubed into the folid>. at 
5 j. per yard, is fuppofed to pay for the tarras mortar and extra labour 
in fetting thereof. - - - - - - 

To capping the ^ier with folid blocks jointed between the fpringer 
fiones, doocube feet, ac64^ - - - - -15 00 

To capping the ends of the piers 148 feet fuperficial, at 8 - - 418 8 

To 6 piers, and 2 abutment piers, each reckoned as a pier, that is No. 8, 

at 207/. 7/. 8^. - - - - - 1659 1 4. 

To walling-in the weft land ftool to bring it op to the fpringers, to be at 
a medium 5 fe^t thick, containing 490 cube yards, at 5/. - - 122 10 o 

To hammer-dreffing that part of the will that comes in view below the 

plinth, containing 666 feet Ihperficial, at 1 - - 4 3 3 

To working the plinth, bring before reckoned as folid, containing 999 
feet fuperfirial, at 3V. - - - - 1 a 7 6 

To 78 cube yards of mafonry in the eaft land ftool, to bring it up to the 

height of the fpringers, at 5 r. - - - - 19 10 o 

To fettingyilBdBr>tiw weft abutment arch to. prevent the water, fimm affeci- 

ing thefbantei<8Ms at 4^. . ai 11 o 

: Mafonry in the piers and i^otments below the (ponging of the arches, ■ ■ ' — ■■■■ ■ 
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Centering for the arches. 

To timber in one ribt 416 cube feet, and for 6 ribs • 2496 cube feet. 

To timber in 30 bearing piles, and 5 capt-trees for fupport- 

ing the ribs, 750 

To fiays and bracings between the ribs to keep them upright 73 

To covering for the centers in fquare fcanilings - - 525 

To additional work to make the centers fit the larger arches, 188 iC- 

To timber in a center compleat, at 3 j. per foot, - 4034 605 2 o 

To ironwork in the fix ribs, 18521b. at 5 i/. - 1 ^ 

To ditto in pile-fhoes and hoops, 66a lb. at 5 s/. 13 15 10 

To fpikes, nails, and other contingent articles, - 500 

To ironwork for one center, - - • - - 57 7 ^ 

To one center compleat, - - 662 9 6 

To a fet of piles and cap-pieces ready prepared for driving in the fecond arch before the firft 

center is ftruck, containing 750 feet, at 2/« - - • - - 7( O o 

To 5 booms, containing 375 feet of timber, at a/, to be fixed as Aruts between the piers of 
the fecond arch, while the center is taking down from the firA, and putting op in the iecond, 37 to O 

To taking down the center, drawing the piles, driving ditto, and fetting tq> the center fix 
times, repairing and making good what is wanting, at 94/, per foot iblid upon the tim- 
ber, which being 4034 feet, comes to 151 /. 5 s. each time, and for fix times, 907 13 o 

To uking down and putting up the booms five times, at 6^/. per foot, - - - 46 17 6 

To centering for one of the fmall arches, at t /. per fquare, • • - - ao o o 

To taking down, removing, and fetting-up ditto in the other arch, • - - 500 

Centering for the bridge, compleat, - - • * - » 1754 ^ 

Mafoniy in the fuperftni£ture. 

To 15850 feet fuperficial in the fofiite of the mun arches, being three foet thick, fist in 
place, and mortar included, at 20^. - - * - » 1320 16 8 

To 2000 feet fuperficial in the fofiite of the abutment asdies, at 12 d/. • » MO ^ o o 

To blocking up the fpandrils of the arches folid, 6 feet high, containiiig 473 enh^ yards, 
at 5/. - - - . - • • - 118 5 o 

To cube mafonry in the fpandril walls, abutments, and wing walb, from the top of the piers 
to the top of the cordon, containing 3776 yards, at 5/. • - *, - 944 o o 

To hammer-drefiing the plain fuperficies thereof, containing 33984 ieet, at * - aia 8 o 

In the parapet 1 1856 feet fuperficial on both fides, being 15 inches thick, Aone, warkman- 

Aiip, mortar, and fetting ditto, at 6^. ...*•* 269 8 o 

To 18382 feet faperficial in the faces of the arches, bands, and keyt, die cordon, matuks, 
capping, and pedeAals, which being before ttekoned in folid, except their proj^i^ 
pant and all fquare work, 1 pot at 44/. per foot, • * • • 306 7 4 

Carried forwards 3271 50 


A a 1 
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Brosght forwardi • 3271 50 

To 2160 feet faperficUl in the 12 eyes, and 640 feet in the terminating pillars, in the whole 
' 2800 feet fuperficial of circular work, (being before included in the folid) at 6 ^. 70 o jO 

The walking-path, being 4 feet wide, contains 5641 feet fuperficial, ftone, working, and 
laying, at 7 ... . • . • 106 12 0 


Mafonry in the ruperArudture, 


547 *7 o 


GRAVEL. 

To 10948 cube yards of gravel to fit up the fpandrils and wing walls, and form the road,, at 

9^/. per yard, 410 11 o 

N. B. No part of the road is confidered except what falls within the walls of the bridge* 


CONTINGENCIES. 

To piling engines, pumps, and other utenfils, fupervifal, unforefeen accidents, and expences, 1000 o o 


ABSTRACT. 

• - 726 2 o 

. . 544 8 o 

- - 1840 3 I 

J754 10 o 

• 3447 17 o 

- - 410 11 o 

1000 o o 

Total - 972 j 1 1 I 

N.B. In the batterdeaus and cestem there will remain at leall 5763 cube feet of timber, which, if fold for 
9/. a foot caUc, will amonm to 214/. 2 j. befides ironwork, engines, and utenfils, which, it is prefumed,. 
will be fufficient to make the road to and from the bridge. 

The prka in the preceding eftiaate includes aU labour, carriage, mortar, and fetiing-up in place, unlefs 
otherways particularly , 


To coffer dams, , - • . . 

Excavation and drainage, . r - 

Mafonry in the piers and abutments below the fpringing of the arches. 
Centering for the arches, • . . . 

Mafonry in the fuperfirufturc, - « 

Gravelling the bridge, . - . ^ . 

Contingencies, - ^ . 


EXTRACT 
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EXTRACT Minutes of the Truilees for building a Bridge over the 

at Perth. 

AT Perth, the 26th day of September, 1765 years, at a meeting of the truftces for 
building a bridge over Tay, at Perth, four letters from Mr. Smeaton to the Earl of 
Kinnoul, dated 12th of July and ift of Auguft, 1764, and 9th of April and 3d of 
May, 1765, being read, upon confideration thereof, and of the fums fubferibed in free 
gift towards building, the bridge, it is the opinion of this meeting : 

1 ft. That the work lhall be begun next year, by raffing an experimental pier, under 
the direftion of Mr. Smeaton, as propofed by him, and that the materials neceflary 
for raffing fuch a pier be prepared in due time. 

2d. That Mr. John Adam, archited, is a proper perfon to be employed in pre- 
paring fuch materi^s. 

3d. That Mr. Adam be defired and authorifed to open, and try, proper and con- 
venient quarries for that purpofe. 

4th. That a committee be ^pointed to confer and. treat with Mr. Adam, and to 
receive propofals from him concerning fuch materials, which propofals he is defired to 
lay before the Committee. 

5 th. That the faid Committee lhall, from time to time, as they lhall think pro- 
per,, report their proceedings to a. meeting of the truftees, and that the clerk lliall call 
a meeting for that purpofe, whenever the faid committee, or any two of them, lhall 
defire it. 

6th. That the Earl of Kinnoul -, Lord Gray j Mr. Crawfprd, of prrol', Mr. 
Greene, of Baigovan -, Sheriff Swinton } Mr. Belches j Provoft Simpson Mr.<6L^i>- 
PHANT, of Re^e i Mr. Craige, of Dumiaru^i MelTrs; Robb^tson^ ^der and youngqr, 
of Tulliheltan i Mr. Richardson, j Mr. Mercer j Mr. Wood, Dcor of Guild, 

MAN : Baillie Fyve l Mr. William Sandsman ; Baillie Ramsay BaiUie MA.R'SHALL.i 
Baillie Faickney j. Mr. Thomas Anderson, and other Truftees that Ihajl pleafe to in- 
tend,, fliali be of the fa^ Committee i and that five (hall be a qupnun; and that M^. 
Meecxr ihall be ironveper* ... . , . 

7th. That 
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7 th. That the clerk lhall tranfinit extracts of the foregtung refolutions to Mr. 
Smeatok and Mr. Aoam. Extrafted from oflF the record of the minutes of the laid 
Truftees, by 

i*AT. Miller, Clerk. 


EXTRACT Minutes of the Commifrioners for the Bridge over the 
Toy, at Perth, in relation to Mr. John Gwinn trying the founda- 
tion, &c. and his report, 1766. 

AT Perth, the 27th day of February, one thoufand feven hundred and lixty-fix 
years, federunt, the Earl of Kinnoul, Provoft Simpson, Mr. Mercer, Mr. Wood, 
Baillie Marshall, Mr. William Sandeman, Mr. Duncan,. Mr. Alexander 
Faickney, Mr. Thomas Anderson, and Mr. Samuel Sampson, commilTioners 
Appointed by Ad of Parliament for building a bridge over die river T ay, at Perth. 


The Earl of Kinnoul chofen Prsefes. 

The committee appointed by the commiflioners the 26th day of September laft, 
gave in the following report of their proceedings, to wit. 

At Perth, the 20th day of February, faiery ditto, and fixty years, at a meeting of 
the committee of the commiflioners for the bridge over the Tay, at Perth, federunt, 
the Earl of Kinnoul, Provoft Simpson, Mr. Mercer, Mr. Wood, Mr. James 
Duncan, Mr. Thomas Marshall, Mr. Alexander Faickney, Mr. Thomas 
Anderson, the Earl of Kinnoul Praefes. 

The committee having communed with Mr. Gwin, the perfon recommended and 
fent by Mr. Smeaton, dired him to connnue boring at that place, which Mr. Smea- 
TON pointed Out to be the propereft place for the bridge, according to the opinion 
he had formed When he furveyed the river, undl he haa difeovered, as well as he is 
able, the metals that are to be friund in the bed of the riVer, the whole way acrols 
the fame, and that he would lik^fe bore acrofs die river oppolite the town-houfe, and 
in any otho* part he Iball think proper to try ; and that he will report to the commif- 
fionersii,. at their meeting tlie 27th inftant, what place he in his judgment, upon full 
confrderaiaQa of all circunoftances, and upon the beft information he can get the 

ftate 
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ffate of the river at the different parts in the tinne of fpeat, thinks the moft eligible 
for erefting the bridge, with his reafons for fuch opinion and that he will aJfo report 
the particular ftate of the metals as he lhall find them at the different places by his 
boring, and that he Ihal! likewife include in the faid report a particular of the mate- 
rials he fliall think neceffai y in his branch of bufinefs for eretSbing the experimental 
pier this fummer, always underftanding that Mr. Smeaton is willing tliat fuch pier 
be erefted in the moft difficult part of the river, and alfo what number of hands it 
will be neceffary for him to employ in his branch, in order to prepare ever)' thing for 
erefting fuch pier as early this fpring as the ftate of die river will admit j and Mr. 
Smeaton’s other engagements will allow him to come here for that purpofe, diftin- 
guilhing what men he thinks it abfolutely neceffary to bring^ with him, and the terms 
upon which fuch men may be engaged, and what number of hands he would have en- 
gaged here; and laftly, that Mr. Gw'in will acquaint the commiffioners at what time he 
propofes to return, to begin thefe preparations. 

The committee order the clerk to communicate to Mr. Gwin Mr. Smeaton’s 
plan, eftimate, and report anent the bridge, with his letters to the Earl of Kinnoul, 
and alfo to the clerk tliere anent. 

The committee empower Mr. Miller, their treafurer, to defray the expence of 
quarrying the ftoncs, and to pay Mr. Gwin fuch fums as fhall be neceffary for pre- 
paring the works which he is engaged in, and for providing materials* 

The committee direft the treafurer to draw upon Mr. Andrew Drummond for 
fuch fums as he fhall inform him, from time to time, are in his hands, and to remit the 
lame to the bank at Edinburgh, with the profits of the exchange. 

The committee dtrefb the treafurer to remit to the bank fuch fums as lhall come into 
his hands, in the moft proper manner.. 

The committee appoint that theie their proceedings to be reported to the next meet- 
ing of the eommiffionecs. 

(Signed) Kinnoul, P. 

The clerk produced a copy of a letter from>Mr. Smeaton to the Earl of Kinnoul, 
dated the oth inftant, and alfo two letters from Mr. Smeaton addreffed to the clerk^ 
dated the 6th and loth inftan^ all of which were read. 

Mri 



Mr. Gwin gave in to the meeting his report* of which the tenor follows : 


The REPORT of Johk Gwm, in anfwer to orders by him received, and ap- 
pointed to his ihfpeftion and confideration at a meeting of the commilTioners for 
building a bridge over the river February 27, 1766. 


ift. UPON founding with what inftruments was praiflicable to get down to prove 
the ftratum of matter in fundry places acrofs the river Tay, from North Inch to the op- 
pofite (hore in James Bisset’s garden, as well as the ftate of the river and metals 
would permit, find the ftratum of matter in the different foundings are as follow : that 
on founding and boring in fundry places both above and below James Bisset’s garden, to 
the extent of about 1 50 feet in length up and down ftream, found a rock clofe in fhore 
upon an average lying upon 2 feet 9 inches below the top furface of the gravel, and ex- 
tending itfelf from the fhore, towards North Inchy as near as I could judge, about 300 feet, 
before 1 could exactly fay I thought it left, and continued to be very level, not varying 
one foot in depth in the above length. This top cruft, or fuppofcd ftratum of rock or 
hard cemented gravel, confifts equally alike in all different places of trial by boring, and 
. appears to be a fhaly hard confiftence for about 8 inches thick ; but upon further Ipe- 
culation, to prove its confiftency of metal, found that we could force a fharp-pointed 
iron bar down 6 feet deep (in fomc parts 8 feet deep) into the faid ftratum of fhaly 
matter, always obferving the bar went moderately eafy after it got through the upper 
cruft beforementioned, and did not begin to faften till at about 8 feet or 9 feet in general, 
and then it came to a matter much more firm and folid. From this place, v^hich is not 
quite the half oyer to the North Inchytht ftratum grows fomewhat fofter after we got down 
7 feet from the top furface, which feems to run, on a medium, nearly on a level, it 
being a ftratum of found firm gravel, and then, for about 2 feet 9 inches, it appears to be 
a fandy gravel, (by what our rods brought up) and under that, at about io|- feet from 
tile top furface, on an average, we come to a firm found gravd, a$ before. 


Upon boring on the fhore in James BissET’s.garden, in two places, at the diftance 
of 30 feet from the water's fide, find the ftrafiim' of matter to be from the top furface 
to 6 feet deep a blue corn mold earth, and from .that down 5^ feet a quite fhear fand 
intermixed with a little gravel, which both' together makes 11 feet 6 inches, at which 
depth we came at the rock, which lies nearly level, and riling in its bed but ye^ little 
up the hill. On the North Inch fii?e on land we bored,^ we find corn 
depth of 5 feet from the furface, aiidfroim thaC.to.the depth. of 3, feet 
then came lb a loofe gravel for' about 2 fe^, after which it continue 

depih of 3 feei^ at which depth it appean to be a quite fofid gravel, and is all the 

partictriar 


mol^ earth to the 
a lharp fhear fan^, 
s Iboleifh to ab^ 
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particular fintad6na of the ftratum oC matter confifting in the hed of ^e j^ver^vactoia from 
ihore to lhore» at the abovennendoned place, to the beft of m7 opinion. 

»■ 

2d. Upon founding the aforefaid river fiom the town-houle to the oppofite ihore 
called bridge end, hnd the metals in the bed of the river as follows. Having drove a 
iharp pointed iron bar in fundry places up and down ilream for nedr 120 foet in length, 
but could find no place to ^t the bar down from -the upper furface about 4 feet before it 
met with fome of the ruins of the old bridge, which lay fpread up and down in that 
channel for about 60 yards facing the highftreet, and extending about 8p or 100 feet 
breadthways acrofs die river j after which, on founding from thence to about 8 o feet of 
the oppofite fiiore in fundry different places, found the ftratum of matter fo foft, as to 
admit a bar being forced eafily down into it 12', 14, and 16 feet, and even at that depth 
no folid matter appeared. The foil, from what I can judge, is a fandy clay, at ^bout 
6 or 7 feet from the top furface, which is all the particular defeription of the ftrataof mat,« 
ter in the above fituation, to the beft of my opinion. 

3d. Regarding which of the two before-mentioned places is propereft to ered the bridge, 
my opinion is, that die fuitableft place for the bridge to bo built near the town of 
is from xht Norib Inch totheoppofiteftiore, in James Bisset’s garden, (forreafon ift.) 
The river is more extenfive in breadth than in any other place adjacent to the town, 
(icily.) In extreme floods the water having liberty to extend itfelf to a great furface, 
and by the intended fituation of the bridge being at a proper diftance from the mill 
lead, confequently will give room and fcope for a great quantity of water to ilTue in 
there on the down-ftre'am fide of the bridge, which will caufc a lethe of water to con- 
ftantly be recoiling back to the bridge, and meet the currency, and th^eby eale in a 
great meafure the prefiure and weight on the bridge, (jdly.) Its fituation in this place 
is much more defirable, as it is Ibrofs a ford, which by the beft accounts I can learn has 
not been known to Ihift thefe many years., (And laftly.) It has been remarked, that 
during the late ftorms, wherein the has difeharged great quantities of ice, which 
has floated up and down with the tide,, it was not known that fcarcely any ice weiK 'up 
hbove the faid ford, but has been known to gorge up the river in .difierent places to an 
almoft incredible height betow the foid ford, particularly at dr nearly oppofite did 
town-houfe, which- would be a very great obftniflion to thfc ,'iwitdr-way in a flood , tuna, 
provided the brid^was pitched upon to be built acDofo thiaparc of the river { b^des, 
another reafon in my opinion againft this fituation not being fuitabk is, that die river 
is more contra&e J from ftiore to ftiore, it being but 567 feet acrois from the town-houfe 
vrhorftd Taomas Ttl^f’s houfe, bcffnhS'itr bounds are fhoner than that, aa much as 
it is acrofs from did whatf fide tn hi« hdulib 34 feet, iriudai rcahices the waco^ 

VoL. I. B b * way 
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way fo muchlcfs} and (jetty,) on continuing the proper lengdi ofthe bridge, find.thae 
according to plan the bridge foot will terminate above 50 feet above Waller Gate Struts 
which will render the low rooms of the dwellings contiguous thereto invalid, by the 
bridge being fo high above them on both fides, fuppofing all other circumftances agreed 
with its fituation» 

4t!i. Regarding die part of the river in which the firlt pier Ihould be fixed, am of 
opinion, that one of the center arch piers wiM be as dif&culc as. any, for reafon, if we 
are to go down to that lower bed or ftratum of hard gravel, it will be a. difficult mattec 
to drain it, for the getting out the excavation and foundation laying, or the third pier 
neareft the bridge endfhore, it being the deepeft water there. 

5th- Regarding the quantity and quality of fundry materials in timber neceflary for 
the ereflion of one pier, in making a cofier-dam and pumps and engines, and all other 
materials, &c. fuch as tackles and fhear-poles for the mafoniy, and hand and wheel 
barrows for the excavation, and likewife, in cafe the pier fhould be ordered by Mr. 
Smeaton to be piled in the foundation, the fhifiF wanted will be as followeth : for the 
cofier-dam and other ufes 2274 cube feet of oak and elm, and 1 50 cube feet of Riga 
timber, about 200 fuperficial feet of afh plank for barrows, about jljarhm^i, 
20 feet long, for fiages, and tackle poles, &c. about 30 Dantmck 3 and 4 inch planks, 
20 feet long, for ftages and runs for the barrows in the excavation, likewife about 30 inch 
and half Dantzkk planks for engines, and pumps, &c. about 14. or 1 6 feet long ; and laftly, 
if it comes to be a timber foundation, (not that I pretend to know in what manner Mr. 
Sme ATOM will pitch on it to be done,)'but only in cafe it Ihould fo happen that he thinks ic 
necellary j in fuch a cafe, I have made a rough calculatbn what ftufiT we ihould have in 
readinefs againft fuch thought as may to him feem befi, which appears it cannot be lefs 
than 1000 cube feet of oak and elm, though I think % would be full enough, only it 
would be proper to have feme to turn our hands on. 

Regarding what mudber of my workmen I think necef£u7 to bring with- me from 
Rnglendi I intend to bring two men and my apprentice. As to terms. Gentlemen, as 
they will be employed in youc iervice about five months,, or ne^ly fes and then have to 
go home back agiun, I think I cannot engage them otherwife than. St i4>. per week 
each man, and the i^preatice to be 7 i. srith theic tinoe and moderatt expences on the 
road going and p^tben^ 

7th> ^Regaidu^ the quantity of .other workmen' necel&ry in my branch (ot cairyuig 
on pier, to beaflifting nvidi pny men, I think four caipenters and. ten labourers will 

^ be 
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be fufficient for the expediting the work ; but the latter will not be wanted till we.be;^n 
to take off the water. 

With thebleffing of God* if 1 continue in good health> I propofe to be at P&tb in 
fix weeks time, from the fitting off on my journey to my coming again, provided aU 
materials, or part to begin, be got to a proper place to work, upon notice, whid^il pit- 
fiime will be fent ; and 1 think, if agreeable to you. Gentlemen, diat Mr. Sande- 
man’s law-mill will be the propereft place to work up tiie materials, as the ftuff may 
be fawed by the mill and worked up there, Mid then lent down to the work by water as 
wantedl, and not be liable to be any of it loll by floods. 

Signed, John Gwin. 

Which report being read, the Commiflioners direft Mr. Gwin that he will imme- 
diately, upon his return to England^ communicate the faid report to Mr. Smeaton^ 
and defire Mr. Smeaton to afceitain the materials which he lhall think moft proper and 
necefl&ry for the timber work that is to be prepared for ere£ting the experimental pier i 
and that he would, as foon as poflible, tranfmit to Mr. Patrick Miller an account 
of the materials fo afeeruined by him. 

The Gimmiflioners approve of Mr. Gwin’s terms upon v4uch he propofes to bring 
down Irom England the two workmen and his apprentice. 

The Connmiifioners recommend it to Mr. Gwin to relate lus return fo tiiactiiene- 
celTary preparations may be ready at the time it will fuit Mr. Smeaton’s convenience 
to be here ; and tiiey d\re& their clerk to deliver to Mr. Gwin a copy of their minutes 
in lb far as relates to his report. 

Extrafted from the records of the l^d Commiflioners by me 

Pat. Mili.ex> Clciic. 
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DE'SCRiPTION ahd METHOD of fixing the foundation of the fecond 
pier of Perth Bridge, according to the plan. 

* ■ ' • ■ ■ Method bf fixing the coffer-dam. 

•t*. ’ 1 .... ' ; - . 

THE grevtl^iurtiing out harder than \i as expefled in the laft pier, and it taking -up 
much' time' tn driving the pill's of the coffer-dam down to their prt^r depth, and. 
alfo finding them very difRcuk to draw, and much Shattered when drawn, I propofe for 
this pier that as many additional piles be procured as will let the whole at the diftance 
of 9 fcer from flieeting of the bafe of the pier, and to drive diem no farther than to fix 
them firm in die ground, which If that liappens at 2 feet will be fufficient. The dam 
being then compleated to its proper height, in order to guard againfl: filteration of the 
water under the fedttom of the piles, I propofe to throw in a;ll round on the outfide a 
quantity of gravel and corn mold earth mixed together, fo as to lay rather Hoping, 
againft die piles, and cjasending about 6 feot'all round : the gravel being mixed with 
die earth, win not only augment its quantity, • but prevent its being carried away by the 
ftream, the ule of the earth being to choak up the chinks .and pores of the gravel upon 
the bed of the river. I apprehend about a cube yard of compound matter, to a yard 
running, thrown in, wiff be fiifficient, obfervlng to begin the work at, the falient angle 
up ftream, and proceeding gradually downwards on both fides, doling at the falient 

angle down ftream. 

’ ' \ 

Method, pf making the excavation. 

The pumps being fixed, and the water pumped out, begin the excavation ho larger 
than the bafe of the pier, and having got down a Ipace in the .middle to its proper 
depth, incrcafe it in width* and length till the area is clear for driving the piles upon which 
the-friui^^taonifraiae .if .Aiifended to reft, and no more, leaving the matter on the outfide 
of that area to form its own Hope toward the coffer-dam, fo that the reft of the area 
will be left folid, to fupport the Hieeting of die dam ; and if any part feems feeble, 
or likely to give way, let it be ftrengthened by driving piles for fupporting Hate on 
edge, as the nature of the groun^.lA^^cy^cunatonces lhall Ihew to be neceffary, obferv- 
ing, in beginning the excavation, that the matter be thrown out all round, fo as to fecure 
and ftrengthen the matter firft thrown op the outfide of the dam. 

The d|^th the excavation will be found by the following rule. It muft at leaft be 
excavated 3 ^ at a medium below the natural furface of the gravel where the pier 
-'•'i ^ ftandsi 
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Hands j but if this does not carry down the bafe of this pier within a feet of tlie level, at 
which the bafe of the firft pier was fixed, let the depth of the excavation be increafed 
till it is witliin 2 feet of the former depth. 

Method of fixing the foundation, according to the plan. 

The excavation being made, as far as is above direfled, let the 21 piles, upon 
which the frame refts, be driven into their proper places ; thefe piles are to be 10 inches 
heads, and G feet Jong, fuppofing the gravel of equal ftrength with the laft, but if 
there is any reafon to fuppofe it ftronger or weaker, the length above mentioned Ihould 
be increafed or diminiflied This being done, and the pile heads reduced to a level, lay 
down the frame tliereiipon, which I fuppofe to be ready prepared in the yard, with the 
tye beams ready fitted with dovetails thereto, and being trenailed down upon the refpec- 
tive pile heads, j.roceei to drive the fiiecting piles, which may be of oak, elm, beech, 
or fir, as can bell be got. I fuppofe them to be of 6 feet long ; they may be dilven plain,, 
as Ihewn on one fide, as was done at C.oUfiream Bru/^e, but would be preferable if re- 
bated, as Ihewn on the other half. The choice of the method depends on circumftances ; 
if, from experience of the other pier, they are like to drive regular, without ti-aring of 
the rebates, by meeting with great ftones, &c. then they will both drive more regular, 
and hold ni inefl: by being rebated, but if they are apt to f[>lit, then it will be as well to 
favc that time and labour, by making them plain, and more efpecially fo if the dif- 
ference of expcnce in woikmanlhip, or hindrance of time in doing it, is likely to be a. 
material object, in that cafe the rebating may be omitted. 

N. B. If driven plai.1, the breadths of the piles are not material ; but if rebated, nar- 
row piles will enhance the workmanlhip in preparing. In order to fave timber (and 
efpecially if fir piles are made ufe of it will be much ftronger) I propofe to groove the 
piles on both fides, and to nail in the tongue, which, if fir piles, may be of harder 
wood ; the bell: proportion for fir piles would be to make the tongue i ^ inch thick, and 
1 •! broad, to be let ^ into the fide where it fallens, and to Hand out 1 inch ; but this may 
be clone according as the tools already prepared may fuit, there being no need to make 
new ones <m 'purpofe. 

The tops of the Iheeting pHes being reduced to a level with the ftring^piecai (and 
^ked thereto as they are driven) the outfide muft be reduced «o a regular breaddi, fo 
as totnke the notched ftones in aline. This being done, the reft of the bearing piles 
au^tse driveB} beginning widr the outfide iws, and cut to a kyel with the top of the 
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tiring pieces ; thcfe piles may be of 6 fee^ more or lefs, according as the others are 
found to go. 

The fetdng mull be compleated by firft underpinning the ftring pieces uid tye beams, 
as firmly and equally as they can, by moderately driving Aones under them ; and laftly, 
the other fpaces to be fet, and well drove down as before; but before they are rammed 
down, the joints of the fetdng Ihould be filled by fweeping in dry Ume mixed with &nd 
and fmall gravel, that when drove down the whole may be compaft togetho;. 

When the pier is got above low water, I would have the matter taken out for 4 feet 
wide round the pier, down to the level of the top of the notch courfe, and filled with 
good lagging as before, {landing fomewhat higher than the natural bed of die river, and 
the reft of the Ipace covered with rubble to die fides of the dam. 

N. B. I Aippofe the bearing piles to be fufHciently drove, when it takes 10 blows of 
afuiEcient ram to drive an inch, and the Iheeting piling to be fo when it takes 40 blows 
to drive the fame quantity ; but the fheedng piles Ihould be drove as near to a regular 
depth as polfiblc. 

J. Smeaton. 

Juftborpe, April aj, 1767. 

P. S. I don’t mean to fet afide the ufe of fuch materials as were prepared according 
to the plan of laft year, unlefs utterly inctMififtent with the prelent. 


PERTH BRIDGE. 

Pmbt Odober 5, 1787, 

TT AVING this day viewed the bridge of Pertb^ I have the fatisfaftion to oblerve every 
^ ^ dung relative ao it in perfe6l good condition, the walking path over it excepted 2 
fiiuch, ^ram the want ofhardnefs in the ftone wherewidi it has been laid, is noconfy 
mndi worn, butfiomthe hard ^bbles kubodied inthe Aone itielfis become very rov^ 
and uneven. For ^ tftcAual reftoration of this part, nothing would be fb compleady 
durahh^ 1x> remove dke prdent ftone-work, and relay the fame with ^erdem gnnite of 
fhe&med^astliepitfent. But as the prefateftone-work of the walking padmppewa 

tw 
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to me to lay compleatly -firm and folid, and being (hewn a fample of the Kingudie flat 
paving, which I underftand can be procured of any thicknefs, with parallel fur&ces, and 
alfo appearing to nne to be of a nature fufliciently durable^ I apprehend the work may be 
executed ia a fubftantial manner, as follows ; 

The Alone from KmguMc being procured of 4, 5 , or 6 inches thicknefs, a» can be* 
moft conveniently had, and of fuch lengths as to make good the whole breaddi of the 
walkmg path without a joint, but of promifeuous breadths in the diredion of the bridge, 

I would advife to chiflel or broach off* the upper fur&ce of the prefent walking path till ie 
comes to a regular height, and then with good naortar to lay down the Kingudie flooring, 
dole jointed, upon it, making the joints of the flooring widi the beft PozzeUma mortar f 
and in cafe there is Pezzelana remaining in plenty, it would be well to give the mortar 
wherewith the flooring is bedded an allowance of Pozzelanoi as luppofe, half the quan- 
tity j obferving to-level the furface of the prefent mafs of fl:one in fuch manner as to allowr 
a drip or declivity from the parapet towards the carriage way of about ^ of an inch ; and 
alfo to make the breadth of .the new flooring about f of an inch Ihort of the prefent 
breadth, fo that the tread of the carriages being taken off from rubbing againfl the 
Kingudit flooring, it may remain undiflurbed being defended by the Iblid of the preldit; 
and in the fame way the wdking path may be fet with Aberdeen provided it is 

worked to a parallel diidcnefs^ 

With refpeA to the paving of the bridge, diere fs no objeAion to it as to the Arufturei 
this bring merely a matter of convenience, of which thofe who from their local lituations 
ebferve and ufe it can' be the beft judges. I have only to obferve, that the Aberdeen 
granite paving is not only the moft. durable of any that I am acquainted with ; but, from 
its roug^nefs, the horfes feet are the moft fteady, and hold-the firmeft in drawing upon it. 
The blue whin is the next in degree; fo that where the blue, whin is procured upon the 
place, 1 cannot think it neceifluy to fend for the Aberdeen granite from a diftance. 

Having viewed the bulwarks that have been ereded oppofite the Inch upon the north‘> 
eaft fide of the river, I am of opinion that all fuch works.as crofs andinterfeft theftreom 
of the river, or interrupt the water from gliding , fieely away, are the means -of increafing 
the ftrefs upon other parts, and therefore, as afiedting other properties, fliould be avrided. 
When properties want a defence againft the incroachments of the waters, , itihoukl be by 
difpt^g thofe defences a| the foot of the banks, in a dire^on parallel to the ftream, and 
wiihoutinterrupring its free courfe*. 


J. Smea-ton,. . 
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CHRISTCHURCH HARBOUR. 

The REPORT of John Smeatom, Engineer, upon the harbour of 
Cbrijlcburch in Hamp/hire^ from a view thereof taken the 20th and 
21ft of May, 1762. 

‘Tp'HE harbour of Chrijicburch is fituated in the bottom of a deep bay, formed be- 
tween the ifles of PFigbt and Purbecky and at the mouth of the two large uinted 
rivers Avon and Stour j the paflage of which to fea is between two natural points of land 
not much above 50 yards afundcr at low water, within which points the river forms a large 
inland bay or Ijafon, which is properly the harbour or haven of Cbrijtcburcb, and is de- 
. fended from all winds : with thofe oudines one would be naturally led to expeft a good 
harbour, capable of receiving a number of large Ihips j yet, notwidrftanding dicfe great 
advantages, nature lias ordered it otherwife. 

About a mile or better to the S. W. of the harbour’s mouth begins an high point of 
land, called Chrijicburch Ikad or IleadSy for the coaft, in running further to die S. VV. 
forms another, which makes a double head, with a fmall recefs or bay between } thefe 
heads, as well as a confiderable part of the coaft extending weft ward therefrom, ftand 
bold upon the fea, the foot thereof being waftied by its waves at high water. Thofe 
heads have formerly extended much further into the fea than at prefentj but being com- 
pofed of a loofe fand, intermixed with fome quantity of loofc iron ftones, the aftion of 
the fea upon the foot of thefe cliffs in time of ftorms brings it down in great quantities, 
and is driven by the violence of the feas with wind from.S. to S. W. into the bottom of 
the bay, and there being fubjeft to no countcraftion by the oppofite winds, it has not 
only greatly obftrufted the bottom of the bay with fand, but has fpread itfelf to a con- 
liderable diftance from the fhore. It fiirthej fccins to me that the harbour’s mouth has 
formerly been, much more extenfive dian at prefent, having rcaciied even to the heads j 
but the fand ^gradually coming do\<'n from the cliffs, and being driven into the haven by 
the S* W. and S, E. winds, has gradually formed marfhes to the N. E. of the high 
lands, and therrfiy drove the mouth or channel of the river gradually to the N. E. and 
again, by the blowing of the faq^, left dry at low water, by the S. E. wind, it has formed 
a range of hommbeks or fand-hills, extending from the heads north-eaftward to the fouth 
point that now fornis the harbour’s mouth, and has thereby formed a natural bank, pare 
vof le|iarates the bafon, now compofing the harbour of Chriftcburchy from the fea. 
The laii& thus moving feem to have forced the mouth of the river as much to the 

N, E. 
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VU E. as wdl can be; and undoubtedly the whde had been long Ihut up, bad 
it not been for die ‘powerful re-aft!on of the frefh waters continually prcQng towa i d the 
Tea from the two rivers aforeftud, which, in wet fralbns, as they drain « vafi: track of 
country, muft be very coniGderablei and indeed, by the power of fbch a coUeflton of 
frelh waters, great things might be done, did not nature throw out another rub in the 
way, and that is the fmtdl flow of the tides at this place. 

The great depth of this bay from the main channel tide, the fhoalnefs of the waters 
occafloned by the fands beforementioned, and the dillraftion of the current in going dif- 
ferent Ways round the Ille of Wight^ I look upon to be the moft probable caufe of the 
fmallnefr and irregularity of the tides h^. It is not reckoned that the ^ng tides rtfr 
more than from 5 to 7 fret, and the neap tides from 4 to 6 $ lb that it frmetimes happens 
that the neap tides are higher than the fprings, depending much upon the courfe of the 
winds i the tides are faid to be higheft with a S. £. wind, and leaft with wind at N. 

I am alfo informed, that, three hours after die regular tune of hij^ wafer, when the 
main tide in the channel be^ns to frt towards the weft, 4 frcOnd tide is formed In this 
bay, which is generally higheft at neap tides, and fh&t the ebb between ihb twbahies is 
from 8 or 9 inches to 1 8 1 which fecond tide, proving a check of the reflowlng power 
of the land waters, tends to weaken their force in getting to fra. 

From the circurnftances before defcribed, viz. the flatnefs of the bottom, the conftan’t 
modon and increafe of the fands, and finallnels of the dd^, 1 Canitot flanSef the in- 
habitants ever to expert an harbour at Cbrificburci of any gfCA depth or capacity ; yet, 
at the fame time, it frems to me capable of great improvement, as will appear from 
a further defcription. 

Between the points I found a conliderable depth of wjtC^r^ but’ Its did width Of* ^ 
channel greatly enlarges without the points, the depth dUfliK^es, ihid at thft diftatton of 
about 200 yards an hard gravel ihoal is formed, and ftill further out the bart ' ‘FrtHh 
the points to the bar the channel lays £. by S. and from the S. point there runs out a 
land, which is dry at low water, and extends from the flu^ p^t Oh thie $., ftde ^ the 
the channel, and in a parallel direftion thereto, as fv gs die iw. Tliis iw 
taken on die frcond and third days before the change of .the moOii, lb tiiat die ^ring 
tides were fcarcely frt in« 

At this dme I found 16 fret water between the points, 4 fret 9 ^e gravel 

ih'oal, and 5^ water upon the bar, and in the road, which'layl about a mile' former 

Voi. 1 . C c out 
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-out ia thf -ra^i^ direAion»< i6 fec^ die j^ttom is iaid ta be ^ 

the Nee^ S. E. by &. and Ckrificburcb Heads S. W ; and juft opep one with the 

odier. points die channel turns S. W. by the fide of the lionun^ks b^nre" 

mendont^, and^com i6 feet, as it U between the points, comes to 7, 6^ and 5 feet. 

* •, ' ■ , •. ■ , • 

Chrijichurcb ^ay lies about two miles up the river from the harbour’s mputh, between 

which there arc the following flioals^ beginning at the harbour, viz. 

Frtfeuia Shoal, water thereon. 4 feet 9 Inches^ (when at the bar as above) a looie 
gravpl or Ihinglc % feet deep, then turns harder. Ganiury Shoal, 5 feet water, bottona 
f<rft npud and fand. Saltmarfl Corner, 5 -j water, bottom loofe gravel or ftiingle. The 
Pick had 6. feet 3 inches water, and a loofe g^avd or fhingle bottom. There was po 
other place in the river but what founded 6 feet or upwards at the faid tide-* 


About I furlong from the S. point of the harbour’s mouth, towards the S. W. is runt 
out a Jcind ^^etty or pier in a flraight liiie, conipofed of round lumps of iron ftone, 
which ^vejbeen .brought. iTrom the Heads i its, direiStion is S. £. and extends from high 
wati^r^vk yards j. the Needles bear from thence S. £. by S. fo that it is land-locked 
thereby a p^^nt 5^ the corapafs its top gradually declines from the lliore towards the 
fea, the whole being uncovered at low water, but all or the greateft part covered at high 
water. Round the end 0^ this pier I found about 7 \ feet water, and at about double this 
d.iftapp.e fiorn .thc fliptiC about 19 feet, (when 5-5: upon the bar) the water being rather 
^tteF.to tbyrN*.,^. .^^ to jdie S. ,W. of this , line, the whole -bottom .being fand, and 
aiipoft regularly inclining fipm the ihore in the proportion abovementioned* 


From Informatiori I learn, that the aforefaid pier or jetty was erefted in the reign of 
King Charles the Second, and intended for fecuring a better palTage into the harbour, 
and that 1^ tlu^.puiF^^? ^ made through the homna^cks, fo as to let the water 

tjuppgh^the raiive>o,^t harbour, and fo as to dire(ft its courfe to theS. W. fide of 


. ThiSj piv,\itl 5 seitrts^' int^ed for the N. E. pier; another pier being defigned 
ont^e^Sf. ^<i.,iCidc^<^j Ae fchannel; the other paflage in or near the prefent place was 
'^emh^p'^ ^ ^1^ j^’^s, ^c. at a bohfidCTabie expepce: thu courfe was .maintained 
'iw ^ihe time, abd'^a’tleep chann^ was made by the back waters alongfidc the pier of 
15 or 16 feet deep; bin then the matter being depofited, and the force of the land 


watq- t^ing j^ent foon as it quitted the end of th^ pier, there (till njiift ren^n. there 
a ho^t iu the prefent bottom; however, ^ that .bottom, is at laft 2 

. , feet 
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feet lower than the prefent bar) it wouM make at leaft 2 feet rhore water into the har^ 
bour, wMch <nufe> of courfe) prove a very great improvement fo long as h lafted. But 
before a long time had'^fled it happened that the back watert} not finding apafla^ to 
fea fufficiendy ready through this new channel, broke over, and forced themfelves a 
frefh pafiage at the prefent place, which has ever fince condnued, and the artificial one 
was prefendy Ihut up by the fea. 

From a due confideradon of the fafts and circumilances above recited, it appears to 
me as follows. 

ife. That from the tendency of the land waters to open and preferve themfelves a 
pafiage to fea at or near their prefent place, and from the tendency of the fea to (hue 
up any pafiage made to the S. W. that the prefent courfe b befi adapted by nature. to 
be maintained : this is further confirmed by the bottom of the road, whichf laying fur>- 
ther out in the fame dire£lion, is clear of fand ; but as the diftances from the points to 
the bar, and from thence to a fuificient depth of water for an entry to a tolerable har- 
bour, to which place two piers ought to be carried out .to confine the land waters, and 
proted the channel from the driving in of the fend, in order to render die feme effedhial 1 
I fey, the great length required for fuch piers appears to me likely to be attended widt 
too great an expence, added to the g^at trouble and difficulty in moving die gravel 
fhoal before mentioned,- otherwife, in my opinion, this conftruftion would be the leaft 
exceptionable. 

sd. It appears to me that the grand miftake in the former attempt confifted in 
conf^£ting the wrong pier firft ; or in other words in making the channel on the 
wroi^ fide of it : otherwife, for ought that to. me appears, it might have maintained 
itfelf an open pafiage to this day ; for had the S. W. pier been built firft, or what 
amounts to the feme thing, had this been made the S. pier, by making the pafiage 
on the N. £. fide of it, then it woidd not have only defended the pafiage fixrni the 
fiuids brought^ doiVn from the S. W. by the addon of die win^ and ftorms :feom dult 
qua^, but the fe% by breaking over .the top of it, would have tended fo have 
deepened the channel on the leeward fidei whereas by making die channel on the wind> 
ward.fide, it would tend to intercept d>e fands, and thereby immediately to fill up the 
channel, had' not die fuperior force of the back water carried it out as faft as brought in ; 
lb that 1 rather marvel a pafiage ivas ever this way obtaineck. than diat it Ihould be filled 
in die way.it was managed. 

... _ - , 

That this muft be the cafe in fome meafure, appears from the manner in which the 
fiuid now lays condguous to the pier j for notwtthftanding it is within 2 or 3 feet of the 

C c 2 top. 
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top, yet it lays on tlic S. W. fide at leaft a foot higher than on the IQ. E. Indeed T 

cannot accoantt ibr a. conduA fo ahfurd, otherwife than by fuppoGng the projeAor 

knagined the landa to be immoveable, with relpedt to the winds and Teas, and not.in a 

travellings ftate t and ohfcrving the ftrong tendency of the channel to travel to the N. 

eaftward, propofed to ftojj it by interpofing the i«er. From this attempt however, 

though iinluccefsfjil, we may learn liow ftrongly the land waters afted^ and wliat may be 

done by better management in the fame iituation. 

% 

The dlreftion of the pierS. E. is very good, for veflcls may fail in or out with a S. 
wind i it could not be pointed more foutherly, fo as to give advantage to veffcls going, 
in with wind nearer weft, than they can now do, without giving advantage to the ieas 
ftom S. S. E. to roll more direfbly in, as it would then not land-lock with the needles, . 
but poim to the open fees its fituation is alfo very good, as it ftands almoft direA in a. 
right line with • reach of the river, and if a velTel Ihould. not make the entrance of the 
harbovr,. diey will have the road to the leeward.. 

t wonkl dicrefore adviiie to oonftruA anothrr pier parallel' to the prefenc one. Hut on-'- 
the S. W. fide thereof, and at the difftance of about 040 ftet fiom middle m middle j and 
when this is carried cut Grom 50 to loo feet further diaathe pvefent pier, then to attempt 
to open a paftage through the hommacks, ib a.s to turn the water between diem, and at 
the fame time to divert the water from its prefentcoutle at low water by a catch-dam of 
rough ilones, or by a compofition of piles, fafeines, ftones,. &c. by thefe means a fiif- 
ficient channel being procured between the two piers at low water, that channel will ’ 
gradually deepen, and the prefent channel being deprived of the greateft part of the 
reftowing power, the fands that are now kept out by the lanne will begin to chafe ki, and - 
in time will fbrtili hommacks ib as moke an entire ftop at high water, aDdvthe ptogyeft. 
thercoi^ as oecafion may. Ihew neceflary, may be helped by art; 

By thefe means dte earhefl advantage may be taken of the undertakiag» and vefleb 
drawings fttt t^atermay be brbught in 'at a midlingfpring tides and as I wouldadvift 
dte whole itd be perfonded by throwing in of ftoneaiqion the fame pptndiples as tkepre- 
iemi pier has been builr, thrt^ piers may be gradually lengthened, conftaiitly- adnenctng* 
the S. Wi pier before the N. E. and it appears, that by extending the piess to doable 
the length of the prefoot, that is, to the length of aibont 500 foet^ there win be foet 
more water, dtat B^frikenS wUi :tlldl at; mea»lprifi^,tide<bti tof feet water, and at neap - 
tides pf feet, which will make a ver)’ good harbour for fmall merchant ftiiips,^ coaftipg. 
veffols, vmed cutters, &c. And as it appears that an extenfion of about 250 feet pro- 
cures 
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cures 2-| feet water, It foirows that every loo feet extent of the piers wiU procure an ad- 
(itttonat'foot of water, fo that the improvement of this harbour may be carried on to 
any extent, by gradually lengthening its piers, as dme, circumftances, the utility of. 
the harbour, and ability to execute, lhall fugged:. 

I do not think it neceflary to do any thing to the prefent pier, till the weft pier is 
carried out as direfted, and the water let in between them ; but I would advife the. 
weft pier never to be left till it has got above high-water. It muft at firft be made' 
confiderably higher than high water, for as I would not advife attempting to dig away 
the fand for a foundation, whenever the current is turned againft it, it will fettle very 
confiderably, and uniefs a good body of ftone is originally laid, may fettle fo much as 
to make it diihcult to add to the mafs at top. It is for this reafon 1 would not advife 
to make the prefent pier the weft pier, for having had ac deep channel on the weft- 
fide of it, the matter thereof on tltat fide had got fuificiently compafled to t due 
depth i but was the channel made on the eaft fide, the foundation being there fhallow, 
would be undermined, and occafion it to fettle afrefti, and require a large addiriotr of 
materials to make k up to the fame height. 

As the tides are faid to rife from 4 to 7 feet upon the bar, 5^ wiU be the mean,.' 
which was what I obferved j and as I found no part of the river between the harbour 
and the town of Chrifichurcb^ but whaty at that time,, founded 6 feet and upwards, ex- 
cept the Ihoals before fpedfied, all which are compofed of Ibfe and loofe matter, and 
of no great extent, 1 look upon it as very 'practicable, by dredging, to malcSe good a fe 
feet channel from the harbour to the town quay, at^ a mean tide, which wSI be very 
fufficLent for all kinds of lighters and fmall craft. This may poifibly be done by- the 
river itfelf, whenever it gets a more fufficient oudet to fea ; and much more cannot be 
expeCied, without a very confid^able expence. 

The iroft ftoncs now laying upon the fands under Cbrijcburch Heads^ are a very pro- 
per material for the conftrudtion of the works ahovemendemed ; Init 1 fear they will 
not be found in fufficient quantities, if noi^ .rough, unformed ftohes may be brought 
irotti Peotral Point, of Portland, the cap of which is refttfe, and%ill anfwer « ndl as 
fineft ftone. 

1 have added a fketch of die harbour, as it appeared to me on view, and the mea- 
fhres above fpecified,. wherein what is done in red is the proppfed works. 

Ai 
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As this is a vork that depends much upon circumftances, it is not eaf/ to make a 
tolerable ellimate } yet, to give all the &tisfa£Hon in my power, the beft I can judge of 
it is as follows. ' 


ESTIMATE for the works propol«l to be conftru<5bed at the harbour’s mouth, ac- 
cording to the preceding fcheme. 


1 luppofe the great S« W. pier will, at a medium, uke 224 cube feet of matter in each foot 
Tunning, and for 1500 feet 336,000 feet ; this, allowing 12 feet of iron ftone to the ton, 
will produce 28^000 tons ; and fuppofing this to be brought from the heads, and laid in 
place at 2 /. per ton, will come to • .... 

{^or the prolongation of the north-eaftem pier a 10 yards, I fuppofe t68 cube feet per foot 
running may be fufficient, and this for 630 feet is 105*840 cube fcet> which will make 
8810 tons, at2/. - 

For making a cut through the hommocks, at a medium, 66 yards long, 66 yards wide, and 
3 yards deep, will contain 13,068 cube yards, which at 4^/. comes to 217/. 16 s, but as 
fome work will be required in clearing away fome of the fand between the piers, till a 
pailage can be procured, if for this fervice we reckon 82/. 4/. the whole will be 
For covering the border of the new cut with ftones, fo as to prevent its walhing, and there- 
by to prevent the water from getting part behind the piers ; this, at a medium, being faced 
up half a yard thick, will take about 1500 tons, at 2 s* * • - 

For making a catch-dam to force the water of the haven through the new cut and between 
the piers, at low water ; this, if conftruded wholly with rubble, and being fuppofed, at a 
medium, to contain 70 feet cube per foot running, this, for 720 feet in length, will re- 
quire 4200 tons, at 2r. 

,To incidental expences* nt 10 per cent, • 






2800 o o 


882 o o 


300 o o 


150 0 0 


420 o o 
455 P 01 


5007 o o 

N. B. As the quantities are pven, if the iron done can be moved cheaper than above fet down, the faviit^ 
will be in proportion; but if the quantigr above fpecified cannot be got from the heads, what will be neceflary 
to be brought from Purhitk or Fsr//W will be at an advanced price, and will at leaft, 1 fiippole, come to 5 /. 
per ton ; but it is to be noted, that one ton of this Hone makes 16 feet,- 

J. Smbatom. 
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ADLING FLEET LEVEL* 

The REPORT of John Smeaton, Engineer, upon a view and obfer* 
vation taken of the level of Adling Fleets 6 cc. from a plan of the faid 
level, taken by Mr. Charles Tate, Surveyor, in the year 1764. 

TN the year 1755 I was employed by the owners of the manor of Haider, hy to take a 

general view of this level, in order to form a fcheme for the drainage thereof ; and 
finding that tlic great defc6t laid in the drains and out-fall dough, I made a report, 
Ihewing how tliefe defefts were to be remedied, to the general advantage of the whole, 
as well as Kalderby in particular, as will more fully appear by reference to the faid report, 
not fuppofing at that time that the proprietors would be willing to be at the charge of 
getting an a£l of Parliament, in order to enable them to make new drains in any more 
proper diredion. 

The prefent view and report being made at the general requeft of the principal- 
proprietors of the faid level, who not ferupling the expence of an adt of Parliament, in- 
cafe it Ihould be requifite, I have taken a further and more minute, as well as uncon- 
fined, view cf the whole ; and though from hence it appears that a more eligible courle 
of drainage olFei s itfclf than die old one formerly propofed, yet it alfo appears, that 
had my former diredions been put in effedlual execution, the proprietors would have 
found no occafion for a fecond application, and would have reaped the benefit of the 
improvements during the intermediate time. — I alfo find the coincidence of the levels 
taken then, and now, furprifingly greats confidering the badnefs of the feafon then, 
ai^ that the greateft part of the low grounds were then under water, there being but 
2 inches difference between, the fall from, the low part of Haldenl^ Common (which is 
the loweft land) and the Boor of our fleet dough, as taken then and now, as will appear 
by comparifon of the former obfervations with the prefent ; but as the latter obferva- 
tions were made under more favourable circumftances, and with- more accurate uiftru- 
ments, I lhall chiefly rely upon my laft obfervations,. which are- as follow. 

Rife from low-watcr mark at the Ou/e, September 1764, to the floor of Hackenjfke or Otf/eJUet Ft. In. 

Clough, - .. --3 of 

Rife from the iloor of the Clough to the furlkceof the water in the drain at Coaft Bridge, - ^ 9 

Rife of water from low-water mark at the Ou/e to Coat*s Bridge, - - • ' 7 9f 

Many parts of the bottom of Hackenfyki Drain are not more than 14 Inches below the 

level of the furface< of ^e water at Coates Bridge,. ^ 

Rife 
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'Rife ftoin lovtr water at Tunt Fall to tbe fitrfiice of the water in the Slrain at Coafs Bridget * 9 5 

FM of Oufi {torn HackenJ^ke Chugb to Trent Fallt « • « • ’*>71 

N. B. The rife of the different points of the land above the water at Coates Bridge is 
inferted in circles upon the map. 

From Coat*! Bridget for the run 4>f the water through the drains, I aUow to the flagnant water on 

Haldenby Common a rife of - -- -- -- - oe 

N* B. The depth of this llagnant water was in general about 9 inches ; from this ffagnant water 
CO Gr'een Bankt the water along Enfiejft Drain was in general llagnant ; but the fum of the rife 
taken at different lloppages amounted to - - - - -03 

Rife from thence to the mean furface of the land near the head of tlie divifion drain, between 
Xaftoft and Whitgiftt on die north fide of Green Bankt - - - - o 7 

Rife from Coates Bridge water to the general fur&ce of the land on the north fide of Green Bankt 1 o 

Rile from the general furface of the land.*: on the north to the furftce of the water in Eaftoft 
Drain t fouth of Green Bankt which were upon a level with the lowed lands there, • - 1 a^- 

iRifc from Coates Bridge to the furface of the lowed lands in Eaftofit fouth of Green Bankt 2 2{- 

Confcqucntly, 

Ou/e at Trem FaiL 

Hackenfyke Clough, Ft. In. 

The lowed lands-In Haldenfy above* low- water mark at - - 7 810 

The lowed lands in Eajloft and Whitgift Meers, north of and condguotts 
to Green Bankt - - '• • *^ 9 ? ^^5 

The lowed lands in Eafi^t fouth of Green Bankt - • -100 > i 7f 

As I found no confider^te quantity of vatcr remaining upon the trad of country 
under confideration> except upon UaUatby Cmmon and adjacent places, it follows from 
hence that, agreeable to my former obfervadons, Haldenhy Common is the bwefl: part 
thereof^ and confoquently what will drain this part, will, of courfo, drain all die reft; 
4|nd fince this part •lays 4 feet 2 inches above the floor of Hackenfyke Chu^t it may be 
wondered why 9 inches water Ihould remain tliereon in a dry feafon } but as it alfo 
roppears, thaf many patts of the bottom of Hackenfyke Drain lay but 14 inches below the 
water of Coat'is Bridge^ it will of confequence be not more than 7 inches below the land 
furfr.ce of HaHevig Common from which if we take 3 inches for the declivity of the 
water, to produce a fenfible rqp to the place of obftruflion,’ there will remain only 
4 inches for the depth of water upon the bottom of the drain, which is fo fmall a body 
that the water cannot be run off in the courfe of the fummer^ if it ihould prove 
ftbwerf } ^ odierwife, till it is evaporated by die fun and winds, which are die only 
aaeans by arhich this .piece of ground. can be drained, as things are now conftkuced. 

I thou^t 
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I thought proper more particularly to remark this fa£t, becaufc it at cncc pomts ofiit 
the caufe and cure of the evils that attend the whole level. 

That Maidenly Common admits of drainage by Hacken/yke Clougb, even as it now 
Hands, appears hence. 

' Ft. In. Ft. In, 

The whole fall from the furface thereof to the Clougb floor being • - - . - 42 

Suppofe 6 inches thicknefs of water to go over the firfl floor, - - 06 

The furface of the water being reduced 2 feet within foU> makes a complete drainage, 2 o 

Sum 2 6 

Remains the declivity of the water’s furface in the drains between HaUeubj Cotamon and the Clougb » Jt 8 

The diftance by the courfe of the drains, ftraightened according to A B G H I c f, 
will be 3 miles 2 ^ furlongs nearly, which is full 6 inches per mile, which is within 
the limits of a good drainage. 

Hence it appears, beyond a doubt, that the whole level may be drained by Uackeiifyke 
Clougb, as it now Hands, provided drains of proper depth and capacity were made 
correfpondent thereto j but as that Clough lays full 3 feet higher than low-water mark, 
it is capable of being laid fo much lower, and the drains being pi’oportionably deepened 
correfpondent to this lower fituation : this would occafion fo conGderable a defceni;, as 
to run off the waters of the greatcH downfalls as faH as they came down, wirliout danger 
of overflowing any of the lower grounds, which might fometimes be the cafe, was the 
Clough continued at it’s prefent height *. — Let us now fee what fall will be obtained, 
upon a fuppofition that the Clough floor was low'ercd 3 feet. ’ 

The whole fall from the foutli end of the moors contiguoas to Crfeu Bank, to the prcfc-nt Clougb Ft. lOt 
hoor, is - - - • - • - - • 9 ^ 

And the Clough floor being lowered 3 f.ct, would m-ike, - - - - H 9 

The diftance by the courfe of the drains ftraightened, according to the letters , ' 

A B C D £ P. h, will .be not quite, but near upon five miles; aitd-fuppoGng > 
y/e allow a delcent of 'i foot per mile, which is very ample and fuftldcnt for any Ft. In. 
purpofes of drainage, tlie whole defeent would be, • --50 

A.hd allowing for the tbickners of water going over the flooi’, . c *6 

Sum to be taken from the whole f 4 I, •• - 5 6 

Remains the quantity that the water will be reduced within foil, at the moil remote low places, ^ 3 

^ : f' • ' — ^ 

N.^B. ThU would bfe prevented gates bei^g^mfted^ sis mentioned in my formc^r Rcpoit, 

Vot. L D d K- S. 
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i\r. ThU 18 I foot s Indies more than neceiTary, and will be more at all aearer dUbmocs^ as 

appears thus : Ft. In, ft, In^ 

Tlis fall fiom Maidenly Common to the CIou^ floor. If laid 3 feet lower, will be • -71 

The defccnt for 3 miles a| furlongs, at i foot per mile, will be - 3 3i 

The water over the floor, . * . . . 06 

The (urn dedud from the whole, - - - - - *3 9 l 

And there remains for die reduction of the water within foil at Haldenhy Common, • * 3 4i 

t 

Hence it appears, that was Hackenjyke Clough floor laid lower by 3 feet, and the 
drains properly adapted thereto, tliat it would be as efiefbual as could be defired. 

It next comes in place to enquire, whether new drains in a different (£re6tion, and to tt 
diflereot out-fall, may not be more eligible than the former ; and from infpefbion of the 
country it appears, that the natural courfe of drainage tends from Haldenly Comma to- 
wards Treat Fall^ which is undoubtedly the lowefl ground ; and it alfb appears from the 
levels that there is a greater fall thither than to the Ou/e at Hackenfykey by i foot 7 j 
inches } it alfo appears by the plan, that the diftance, according to the courle of the 
new pre^fed drun, abode f gK is rather more than 5 ^ miles, which is fomewhar 
tnore than of a mile more than the former, which in this cafe is inconflderable : if 
therefore the drainage to Hacken^ke dough is as compleat as can be required, when laid 
3 feet lower titan at prefent, it will be flili more unexceptionable when liud at the fame 
depth at Tretd Fall, for as it will then lay 1 foot 8 inches above low-wacer mark, it 
will run a greater length of time at each tide, and therefore the drains, after making 
proper allowance for the difiin'ence of diftance, may be of lefs width than would be 
lequired at Hackenfyke to be of equal eifeft. 

The falls will then ftand as follows : 

From the fiirfice of die iftoort north of Grun Bank, to the floor of the fluice at Trent Fall, laid Ft. In. 
5 feet below diat now at hackenjyke, - - . • - - 8 

Ft. In. 

Thickoe& of water over the floor, ..... « 06 

Fall of die water 5 ^ iniks, at 1 firot per mile, .... 51 

The ftutt w be dednOed from die wbole, - • > • - '59 

IjCavts for the rednfiion of Ae water within foil at Green Book, ■ - - . j . a 

Agun. Prom the ibi|aGe of the land of hMenbf Cimmen to the floor of the fluice at Trent Fall,, 7 a 
Thiekneb of water over the floor, . - - - • o d 

Fan of die water according the conrfoa^r if 3 fmilea, at 1 foot permile, 3 d 

The f«B be dedaded fiiom the whole, - ... 

Acaiaint the MflndapnofiM^' within foil at the lowed part of Cmmtm, 


4 o 

3 * 

.This 
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’ This redudncm would ’ dram cron Plumb Groves and Robiujbn Deep, was it not ad- 
vifsdjfe DO rdenre thofe undtained for watering cattle* for which putpofo it will alfo be 
steocfiary to have land-doors to the outfall dough or fluice, to pen the water at dry- 
feafons) and alfo at fome other places; but as thole will be private works it smU be 
needlefs to infift thereupon. The proper widths, depths and dimenfions of the, drains 
and fluice are contsuned in the following Eftimate. The courfe relative to Trent Fall are 
coloured yellow, ^ofe to Haekettjyke red. 

This level is very well circumftanced with refpeft to barrier banks. The only ones 
that appear neceflary to be repaired, on account of the general undertaking, is the 
fouth wing of Green Bank and New Bank, the particulars of which are contained in the 
Eftimate. I find the marks left by the floods winter, upon the fouth fide of the 
Green Bank, to be 3 feet 1 1 inches above the furface of the loweft grounds there, 
that is, 6 feet 10 inches above the loweft grounds of Haldenby\ and as this body of 
tvater was brought hither by a general overflowing of the level of Hatfield Chace, 
ocCafioned by the breaking of the banks of the river IMe, it would in confequence have 
laid almoft the whole traA now under confideratlon under water, if it had ftuled. 
It therefore plainly appears that this bank Ihould not only be continued as a barrier, 
but ftrengthened and prolonged, as fpecified in the Eftimate, for the lidety of all the ' 
lands laying north thereof. 

It comes now under confideratlon how far the drainage of the land of Fafioft fouth of 
Green^ Bank, into the drains propofed for this level north of Green Bank, can be com- 
plied with, with iafecy to the latter : and I am of opuuon it may be done wich.perfoA 
iifety, prOvkled the communication through Green Bankht made by a turniel not more 
than 10 inches ftjuafe, with a ihuttle or ftop 'fluice thereupon ; for had fuch a tunnel 
been .open and running during the flood of laft winter, had alfo the drains and outfoll 
dough, fpecified-in the foUowing Eftimate, been then made, I am of opiiuon it woitfd 
have been carried oflF as foft as it was uttered, without overflowbg the level. But to 
tike ^way all forople, I* would propofc to lay die running of dustunnel under the 
following reftri*£tlO)hs. 

ift. It fliall always be kept ihut whenever the grounds to be dmineddierel^ am over- 
flowed by the waiiecs fiom HtdfiM Gkaa, or any other foreign waters, overtopping it's 
barrier banks, and to continue fliM fo I019 as the water dierei^ott has any commu- 
nication with ahy fofdi foreign waters. 

ady. 
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That it Aall bft kept ihat at all oAcr times, when the water in the mother 
tlrain rili» within 9 inches the furface of the low part of HtUdenly Cemfluttt or within 
C inches of thie general furface of the lands laying north of Green Bank, which may be 
•fcertained by fetting up Hones. or maiks for that purpofe. 

The conthiuing of the barrier of this part of Eaftoft beyOnd the limits ipecified in the 
EHimate^ the internal drains, erefllons, and maintenance of the tunnel of communi- 
cation, I look upon to be private works, refpefting this part of Eaftoft Lordlhip, and 
therefore not comprized in the Eftimate ; and as this fcheme propofes nothing more 
than the carrying the mother drain to the boundary of each Lordlhip, fo as to give the 
waters thereof a proper outfall, all other drains and internal works are confiderfed as 
private works, and to be done at tlie particular expence of the refpeftive proprietors. 


ESTIMATE for a Drainage, by a new courfe, to 'Trent Fall. The floor of 
the fluice to lay 3 feet lower . than the floor of the prefent Clough at 
lldckenjyke, that is, about i foot 8 inches above low water at Trent Fally the 
fluice to be 10 feet water-way, the drain to be to feet bottom, to rife from the 
Clough towards Green Bankt v^hich will be at the rate of xo inches per mile. 

jC* X. d* 

To digging the pit for the dough or ituice, 19 feet deep, 35 feet mean width, and 

too feet mean length, <containing 2463 cube yards, at 4^* - - * 41 i o 

To 94 yards in length, from the Trtnt to a, exdufive of the fluice -pit, 15 feet deep, 

10 Teet bottom, feet top, containing 4700 yards, at 3^. - - * >5 o 

Erom thence to 3S7 yards, 12; feet deep,. 10 feet bottom, 42 fnt.topi contuning 

1,3416 yards, .^t 3«4 « * ■ - .. . . , - Ifly , 14 « 

From thenca^' to the- end of.Lmg Djke Bank, at c, being ip length • 

. ii$o, yards, being p fe.et bottom, 36 feet 8 inches top, and at a medium lofeet^ 

3 inches dMp, contdning p796 ciibe yards, at 3 if. - - - 384 19 o 

From thence through the tifing ground of by the fide of iLM^ .Oyff Frnnf, toy, 

length 550 .yards«l 10 feist bottom, 36 feet, top, and mean, depth 9 feet .y inches,, 
containing 1362^ y^s,, at 1^. • - ; ,,i ..*7®;-.., 

From thence to the north end of tfiJhvt Sank, t, 2536 yards long, 10 feet bottqm,|. , 

29 kcK. mean, width at top, and 8 feet. 1 inch mean depth, containing 44989 yards, " 

yards; at ' * 

... ..amedium 8 feet bptU)m,-J 8' Lfbdttdp, and ’3^ fhetdeef, containing 4ea34'yhfds, at iJf. 19' o' 

To making, 3^0 ^nln|^.diM^,i, jfbr ooriBHunicatiog the waters of grounds ' ■ - ' 

with the main drain, king 690 yards long, 5 feet bottom, 1 3,.^ tog,, and 4 feet de(p,„ , 

eoataiaing 2760 yards, at If y. , . - 1'" ' - - ‘ ' '*17' ' 3 o 


at a\J. ^ - 

Pram^dSeiba Bttkk, )Sy the letters bting 'in length; 345^® 


Carried forwards, 1660 ix Sf 
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■ * \ .Brought forwards# - 1660. is 8| 

To repairing and drengtl^ming "Nenv Bank 9 by way oF a barrier, to defend iht whole level 
againft Reedne/r Common, fo as tb baVe 12 feetbafcVV top/ and 4 ftet High, con-* 
taining 2500 yards in length', and in tht whole 8889 yards, at i f i/.> - - 55 it 1 1 

To repairing and heightening preen Bank, from jbhe dibpw fouthmrd/ with an addition of 
2 yards per yard running at a medium, being i26p yards long, conulning 2520 yards, 
at 21/. - - - • - “ - • - 21 o o 

To extending Green Bank about 100 yards further fouth, fo as to render the fame effeftual, 

to be 12 feet feat, 4 feet top, and 4 feet high, cont^ning 3J5 yards, at 1 f - 2 4 4!^ 

Spade work - - £• 1739 8 


Building. 

To building a hew fluice, of brick with Hone facing, at Trent Fall, to be 10 feet clear 
water-way, including temporary dams, drainage of water, filling in the ground, and 
opening the (luice - - - . - . 500 

Por a road bridge, of brick, at Haggard* s Lane ...» 40 

To a ditto at Coua Pafture Lane . ' - - - - - *30 

To a bridge for cattle, the middle of Haldenhy Common - - » 15 

To a road-bridge, at the road leading to fVbinfgate Bank • - - 30 

To a cattfe-bridgc, ovef the main drain, to communicate the two parts of Oufejieet Common, 10 
To a ditto, over the branch drain . . • • . j 


o o 
o o 
o o 
o o 
o o 
o d 
o o 


Building . 


jC* 630 o o 


Abftraft. 

Spadework - . t . - 

Suildihg ' ^ * . “ , “ 

Supervifid^ and cbiktinjj|6iMiN, 'at'io/. per cent. ^ ; 


\ 6]o o 

Total, ' £.10606 * 


The quantity of land^uied io diis undertaking. 

Cut. 


.In jfdlingjfeet, Trontfield, and high grounds from Tront to point d, 
Mltng feet \ow gromd, from d to e, . , • 

Willovj ,£ank tromejt^f, 

From 3 to «, Mfofs Hiddenhy Common - - ' ** - 


v; 


A. 

5 

5 

T>. 


R. 

3 

o 






P. 

16 

16 




The ^anch drain to Whitgifi Mm, from k to i. 


il-AU 


A. R. 
ti a 
10 o 

^ 9 

‘ 4 ' a 

t‘-S ’ O' 

» ad\i!o .tr«A » 


P, 

3 * 

3 * 

o 

^ o 
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Abftraik of the Eftimate by way of llachnfyie. 

The drainage by Hackenjyh bdng e^mated in the fame particular manner) and the 
main drain bebg made <i feet bottom, to the point j?, near Coat*s Bridge^ in order to 
be anequhralent to the greateft length of time of running at Trent Fall-, and being 
made from thehiefc iri t^vo brandies, one aloi^ tJie eourfe C, D, E, F, b, which will drain 
Oufefleet, Wbit^ft, exA part of Eafioft, and ihe other by the cow^t I, e,f, 

which will drain Adlingfleet, Fockenby, and Haldmhy, and dlb a iecond branch fiom C, 

'by the Folfy to Bought Gate, to make a proper out-fall for Eafioft wateis. 

- , t- 


The Spade Work 

• 

- 

•833 

4 

10 

Juilding - • 

. 


64s 

0 

0 

Contingencies, at lo per cent. 

- 


348 

0 

0 



Totalj 

, £. *726 

+ 

0 

Land ufed in 

this Undertaking. 

Cut. 

Covered. 


A. 

R. 

P. A. 

R. 

P. 

From Ouji to J, • * 

• • I 

1 

13 2 

2 

*4 

From A to Ct <• • - , 

8 

0 

35 *6 

1 

30 

From C to Gran Boat • • • 

3 

I 

30 6 

3 

0 

From B to e 

w • 2 

1 

20 4 

3 

0 

WiUankkBank, # to/, land enough for a cut. 

.. 


- 2 

0 

0 

Branch front C to Bought Gore • . . 

1 

0 

0 2 

0 

0 


16 

1 

7 34 

mmam mmmn^rn 

2 

*4 


N. B. If Haeken^ke Clough was inade ufe o^ as long as it will Hand in it’s j^efent 
ibrnt) and die drains dug.of a proper width to admit of thdr being Carried to a proper 
dcpt li) iHien that Clough lhall be obliged to be rebuilt on account of rqiairs, and lowered 
'to the prilled depth, 

The Spade Work will then cpqw to. ...... 1691 3 10 

The Bnildinf to - - * t-. . ... 145 00 

to. - ■ • ■ • • 183 ** o 

15 10 

cale .was fo'remiuh Bs it does, without' Inileh^h of Idwdriiigj 

die lame, the sopence of proper drains, &c. hiiuhle thereto, would. amount to 
i 6 j 6 /. 5 |. ojidt 

J. SltBAtOH. 

d ^ n M i r y th Dcowaibfr 
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DRIFFIELD BECK CANAL. 

ESTIMATE for making a navigable Canal from Driffield Beck to a plaM. called 
the fo.'mfendt near Skemct to be i6 feet at bottom> and 4 feet deep of water». 
with batters or flopes according to the nature of the ground. 

F rom Driffield Beck to the beginning of Le^tvcop pafture, being 1 chains length, mean £* s* 
depth 6 feet 5 Inches, batters 1 to i, the mean width at top will be 28 feet 9 inches, con- 
taining 5432 yards, 2X2d. - - - . . . . 4S 5 ^ 

Crofs Lewcop pafture to the low corner of the HcItius^ length 12.3 chains, mean depth 8 feet, 
the batters as 3 to 3!, the mean width at top will be 34 feet 9 inches, the folid contents 
6110 yards, at 3 j/. - - - - - - -76 99 

From the low co. ner of the Holmet to 19*6 chains up the lame to the point i in the map, 
mean depth will be 11 feet inches, and being of a marly nature, the batters as 3 to 4, 
the mean width at top will be 47 feet 2 inches, the folid contents^ ^77^^ yards, which being 
hard to dig may come to 4^. - - • • * . 295 4 o 

Cutting to the middle of the Hohnert • • . • • «. • 416 19 ^ 

To enlarging the canal to 28 feet bottom, for 60 yards at the head> fo as to take 2 boats in 
breadth and 3 in length, for convenience of unloading at warehoufes, being there 12^ 
feet deep, - - - - - - - * ^6 4 

To drainage of water, fupervifmg, and contingencies, - - • - 60 o 

To the middle of the 493 12 7 

From the middle of the Hobnes^ to the Townfendy upon a dead level*. 

To carrying on the cot from the middle of the Holmes to the top of the Pighitt at P, being 
being 31 *10 chains long and 18 feet mean depth, the batters being 3 to 4, the top width 
will be 64 feet, the folid contents 54720 yards, at 4^.^. .... 1026 o a 

From thence to the T yism/endy being 23.5 chains length, mean depth 20 feet, the batter 3 to 4, 

the top width will be 72 feet, and the folid contenti 53079 yards, at 5 ^ • - nog j 6 f 

ai 3 i 

ESTIMATE for carrying the navigation to the Tew^dby a lock* 

To the middle of the A/wr/, the cut as before,; * • • • 41& 3. 

A lock there to rife 10 fet^ * : * " * * * 60a o o 

To cuttiag from thence to the top 31*1 chains, at a medium 8 feet deep, batter 

3 to 3^ the top width will be 34 feet 9 inches, the folid contents 15443 yards,, at 3 f* 293 99 


Carried over 1210 9 o 
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jf. d. 

Brought fbmards 1210 9 o 

To cutting from top of fighill XX^T^wnfind^ being S3.5 chains, mean depth 1 1 feet, batters 

as 3 to 4, the width at top will be 45 feet 4 inches, the folid contents 19399 yards, at3</.j' 282 18 o 

To making the dock p before, - . - 16 13 4 

To bringing the water over the moor, fuppofe - - - - 1500 

To Aiperviikl and contingenties, - - • *• -15000 

Total 1675 o 4 


A DESCRIPTION of this plan, with a comparative calculation of its abilities with 

the prefent work, here follows : 

• 

j, I, I, &c. reprefent the different parts of the frame-work, a, a, a, &c. the parts 
of the water-wheel; 3, 3 its ftarts, of which more hereafter; 4 the main lhafts ends; 
5, 5 the parts of the Ipur- wheel; 6 the wallowers; 7 the crank; 8 the crank rod, which 
communicates with the fub regulator; 9 and 10 the communicating rod between ; 9 the 
fub, and 1 1 the top regulator; la, la the arch heads to the top regulator, to enable, the 
buckets to make a perpendicular ftroke, thereby enabling them to laft much longer, go 
loofer leathered, which wijl chamber or wear the barrels lefs, and lofe lefs water. 
B. B. The chains to the bucket or pifton rods; .14, 14 the bucket rods ; 15 the bucket 
* at the end of its rod in the fe£tion of the engine ; 1 6, 1 6 and 1 7, 1 7 the face view of an 
engine together. 

Now whereas the circumftances attending thefe works, being almoft peculiar to them- 
felves, it rcq;|ircs, in ordw to render them more efficacious and ferviceablc, a particular 
or peculiar application ; for though there arc many ftream and current mills, yet they go 
with a much more uniform motion, having nearly a certain quantity of back water, or 
ftrength of current; but as both thefe articles are fo varying atthefe works, it requires a 
varying application of machinery, which is performed as follows : fuppofmg the wheel to 
be at work with the greateft ftrength of tide, and going three turns per minute, then the 
lub regular to 9 has its fulcrum or center of motion at <1, which _bcing 12 feet diftance from 
ht where the crank rod lifts 2 feet ‘6 inches, ahd beiug 6-‘feet fr6m f'fti the fub, and 
rf 'lh the top regulator, both lift a^ect "9 inches ^ and as i& 10 -feet diftant . frorPr its 
center of motion r, and 3 feet from the chains center, and that of the barrel; thert- 
. fem it makes ^ in thtf barrel ; and when the wheels are work wiA a '^eat 

! cr£«r>tity‘of and move at a flow rate, yet there is the fufficient mo'mentum or 

force 
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force to raiie much water ; that force being always as the quantity of water multiplied 
into the velocity, fo that if there be three times the depth in water, and but one third 
of the velocity, that is, at the ftrength of the tide, nearly as much water may be raifed 
as at ftrength of tide, in order to attain which, it is neceffary the engines Ihoiild make 
a ftroke proportionably longer, as they move fewer times, which will be obtained by 
moving the center of motion a to a a, then as a a will be .5 feet 6 inches from upon 
the crank-rod lifts a feet 6 inches, and ^ being 6 feet from c, therefore c and d in the 
top regulator are both lifted 5 feet 2^ inches, and / .the chain, and, confcquently, 
the rod 6 feet io-|, which is fiich a ftroke made in the engine, which compenfatc'? 
in a great mcafure for the flownefs of motion in- the wheel ; and all this is done in 
the moft fimple and lafting manner, by the application g at the end of the fub -re- 
gulator 9. 

Now the comparative quantity of water raifed by the prefent, and what might be 
raifed, are as follows. 

Having confidered that though there are rules in mechanics for finding the quantity 
of water palling by in a given time, in a given fedion, by knowing the height of the 
water, but as that is very difficult but where the back water is very inconfiderable, and that 
the velocity of the water at its furface might be obtained, I rejefled both in this cafe, and 
noted, that the three- ring wheel, at the ftrongeft working, has gone 6 ^ turns per 
minute, which is nearly 25 feet diameter, and the new wheel in the fame time made 5 V 
turns per minute, which is nearly 30 feet diameter i the whole fpace pafted through in 
the minute, by each wheel, being 495 feet, this, with their charge of work on them, 
which muft impede the water’s motion at leaft ^ •, therefore, if neither had been doing 
work, the water, by going ^ quicker, would have palled through a Ipace of 619 
feet per minute, which multiplied into 5 feet, which is about the depth the wheels go 
the ftrongeft at, and the produd in 12 feet from the width, gives 37140 cubic feet of 
water expended on the wheel per minute, which is 36 1 2 hoglheads ; now as die wheels 
revolution vary as 67 to 5^, therefore the quantities raifed muft vary in like proportion, 
that 1 will reafon upon d^e greateft quantities raifed, which is 15^ hoglheads per minute. 
Now as the difference or head of water is obuuned by knowing the water’s velocity^ 
and that being known as above to be 619 feet per minute, it refults that the ading head 
to produce that muft be 2 feet nearly ; and I will fuppofr that the average height of al^ 
the water then raifed by the four engines on the wheel did amount to 100 feet, that is 
what fome part of it might be raifed higher, other like part difeharged as much lower, 
and as 2 feet, the ading head, is contained five times in the height, we will fuppofe each 
hoglhead to be one pound} then fuppofe 36121b. (or hoglheads) expended on the 
Vo i.. I. ' E 0 wheel 
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>r)ieel each minute, to be laid upon one end of a lever at i foot diftance from the 
center, it is evident it would keep in equilibrio yalb. at the other end, which is fup- 
pofed to be 5olb. on the other fide of the center, which 72 fliould be the number of 
hogfheads of water the wheel fhoiild keep fufpended on the engines, it being the 50th 
part of the water expended, and fluids a( 5 t in refilling in this kind as folids, on levers j 
but. to allow amply for friwlion, &cc. and to give the part of the machine fulEcient mo- 
tion, I will fuppofe, that nearly 3- of the 72 might be raifed, (for in good machines, 
under favourable ciicumdanccs, I of the 72, or 54 hoglheads, might be raifed) which 
will be 24, ^and, accoiding to my expectation, fomething more than that quantity, viz. 
27 hogflicads per miniue, for and by the following reafons : as the wheels floats arc 
nov/ no more than from 1 5 to 24 inches wide, they can produce no greater cfFeft by 
their refiftancc than in proportion to their furfree, for all the water that might be 
afting againfl. them, extra to their prefent dimenfions, goes over, rather to the impedi- 
ment of the wheel thrn not, whereas was this width increafed, the power of the wheel 
would be increafed liktwife to a certain meafure, but not if the other parts remained 
the fame as now, for as the wheels go now nearly the fame pace as the water, there- 
fore it is ncceflary to flacken the wheels motion, and increafe the engines ftrokes, 
to refill the running water more, and thereby a proportionably greater quantity of 
water would be railed: then the Harts 3.3, Ihould be thus conllrufted j they 
fliould all Hand out 3 feet from the ring, each other having the boards only up to the 
ring, as may be feen by infpeftion, and the others having the boards within to 5 feet 
from the ftarts end, as fliewn ; the method for doing them cheapefl', moH lalling, and 
ferviceablc, is to make the ftarts pretty wide, cut a flit in the middle, and flip the 
boards down it, and the v/holc is fccured with a fmall bolt in the Ihort, and two in 
the long ones, without iron plates ; and up againft each arm of the water-wheel to put 
boards 6 feet from the ftarts end, by this method the wheel will be impeded getting 
into water Icfs than if the ftarts were all 5 feet long, and the boards, as broad, and 
nearly the fame cffcfl produced. 

Now by this provifiwi, the wheel, when going fo flow as 3 turns per minute, will fo re- 
fill the water as to give it an opportunity to adl fo power&Uy as to work 6 engines of 
fcven-inch barrels in this manner at ftrength of tide, 3 turns the wheel, the wallowers 
going 3 to the wheels i makes 9, and the fub-regulator moving on the center a, will 
produce 4 feet 10^ inches ftroke, ^hich multiplied into the 24 barrels will produce 27 
hoglheads nearly per minute ; and in Icfs ftrength of tide, for fome time before and after 
high water, the wheels wiU go from 1 to 2 turns per minute, by means of the large 
furfdce ol ftoats, I will call k i~ turns, and then the fub-regulator will move on the 

center 
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center aa^ which will produce 6 feet lo^ inches ftroke in the engine barrels* and that in 
ihe 24 barrels will give 19 hoglhcads per minute. 


3 rings at 

This defign at 

Ditto at 1 \ 

6 1 turns 

3 turns to rife 

6 feet 10 j inches ftroke. 

rife 15 hogftieads 

with 4 feet loi irclies llroke. 

19 hogflicads per 

per minute. 

27 hogfheads per minute. 

minute. 


The following is an examination of the faid engine, in anfwer to the above. 

Examination by John Smeaton of a defign for a Water-Engine, communicated I»y 

Dr. Birch. 

This defign, though not fo mentioned, appears evidently intended for London Bridge 
water-works, and therefore as fuch I lhall confider it and though the unknown in- 
ventor of the defign has ftiewn evident marks of genius, and. a laudable attempt of 
improvement, yet as I cannpt agree with him in the whole of his reafoning about it, 

I think it neceflary to give my opinion with that freedom that becomes me in a matter 
wherein I am confulted, and therefore have a right to expefb that what I may fay will not 
be confidered as the efleds of a defire to criticife, but to do juftice, where my opinion is 
defired in the way of my profeifion. 

In the firft place, I agree with the inventor in theufeof arches and chains at the end 
of the regulator, having ordered the like in the engine lately erefted for the ham 
Company at Stratford, 

2d. I alfo agree widi him in thinking the circumftances of thefe works are fo pecu- 
liar to themfelves as to require peculiar applications, in order to bring them to perfec- 
tion, and that it is to be wilhed that means could be found out by which the load could 
be occafionally varied, in proportion to die variations of velocity and power, without 
rendering the engines complex, and more liable to be out of order. I alfo agree with 
him, that by means of a moveable center, to what he palls a fub-regnktor, the feroke 
of the engine may be varied, and therefore the power of the engine in die fame pro- 
portion ; but I can by no means agree with him in the ufe to be made of this ma- 
chinery i he fuppofes that when the tide is high, and the current moves flow, that the 
body of water being then great, the fuperior quantity will be equivalent to the want 
of velocity, fo that if there be 3 times the depth in water, and but -j- of the velocity, 
that is at die ftrengdi of tide, nearly as much water may there be railed; as at the ftrength 
of tide. 
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But had the inventor comt)uted the head or a^ing column of water neceflary to pro<* 
duce -r of the velocity, by the fame rules that he finds 2 feet neceflary to produce the 
velocity of 619 feet per minute, he would have founds of 619, viz. 206 feet peris? 
minute, produceable by a head or column inches, which is only -J- of 2 feet, it being 
well known that the fquare of the head is as the velocity. Hence it appears, that as 
the acting column is only 4- of the height, the impulfe or preflure upon the fame quan> 
tity of furfacc of float-board will be ~ alfo ; and even if we fuppofe the furface afted 
upon to be increafed in proportion to the depth of water, which is not the cafe, (in 
the conftruftion before me) die whole impufe or prelTure upon the wheel can be only 4 
of what it would be at ftrength of tide ; fo th'at if the wheel is loaded as here pro- 
pofed, near high water more than at ftrength of tide, in the proportion of 4 feet 10^ 
inches to 6 feet lo-j inches, which is as 5 to 7 nearly, it is very probable that the wheel, 
inftead of doing nearly as much as at the ftrength of tide, would ftand quite ftill, and the 
benefit of the flow motion, that would otherwife take place, quite loft : in ftiort, it is 
like a horfe moving flow with his load in confequence of having carried it far, and being 
wearied therewith, to load him harder in order that the greater burthen may compenfate 
for the flownefe of his motion. It therefore plainly appears, that if any good is to be 
cxpedled from this Aiding motion, it muft be by adjufting the longeft ftroke to the 
ftrength of tide, that as the tide grows weaker the ftroke may be Ihortencd, and the 
power of the engine adapted to the power to move it. 

In regard to the machinery of the Aiding centcY, as it is nofperfeftly made out, I 
am enabled to fay the lefs upon it j but in an engine that works both ways, that is, lifts 
up as much as it pulls down, any lhake in the center work will be very detrimental to 
its motion, and occafidn it to be frequently out of order j and further I conceive 
it difficult lb to contrive it as to be, and keep laftingly fteady, cfpecially as in the 
prefent engine, in feme cafes, the aflion of the crank upon the center will be greater 
than' its aflion upon the pifton, as 1 1 to 4 ; but fuppofing the difficulties in the execu- 
tion to be conquered, ftill this muft happen, that as the barrels in moderate Ipace of 
time will fenfibly chamber, and the middle part of the barrel, fo far as the Ihort ftroke 
reaches, will bp always in wear, but that part above and below the limits of the fliort 
ftrokes only in wear when the long ftroke is ufed, it follows that the barrels will chamber 
unequally. An engine will go very well with its barrel a good deal chambered j in 
ftiort, they are fcl^m rebqred fo long as a new leathered pifton can be got in at the 
mouth fo as to fill id the chambered part, but then as they chamber nearly equal, and 
the ftroke remains the fame, that of the barrel in which the pifton moves is ftill nearly 
a cylinder^ bitt, in the cafe of unequal ftrokes, the piflon would be obliged to move 
tiuough a ^ace alternately narrower and wider, which would caufe it to work very hard. 

Again* 
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Again> as it mig^tbe fometlmes for fome days together in neap tides that the long ftroke 
would not be made ufe of, the extra parts in that time would in iron barrels grow rufty, 
and when ufed again would not only caufc the engine to go ftill harder, but alfo deftroy 
the leathers. This laft inconvenience would indeed be remedied by brafs barrels j but 
where the charge and difficulty is great, and the effcft not greatly fuperior, an inven- 
tion fo circumftanced is lefs eligible. This thought of altering an engine’s power by a 
different length of ftroke is not new to me, having had the fame thought ten years ago j but 
while I was contriving the machinery neceffaiy to perform it, the objedtion of the unequal 
chambering of the barrels occurred to me, which made me lay it afide, though cafes 
have occurred to me in which it would otherwife have been applicable and ufeful. 

It now comes in place to enquire into the general propoi^ions and adjuftments of 
the engine, to work at ftrength of tide j and I agree with the inventor, that a wheel of 
large diameter will wade in a great depth of water to more advantage than a moderate 
one 5 that a great breadth of float-board will rcfift the current more than a narrow one, 
and, confequently, give more- powder to the engine ; and that the wheels, at ftrength of 
tide, may, with advantage, be made to move with a greater load than they do at pre- 
fent, but advantages carried to extremes often prove difadvantageous, according to 
the proverb, things in a middling way are frequently beft. 

With refpeft to the water wheel’s height, that a wheel of 30 feet will get better 
through the water when wading at a given depth than one of 30 or 25 feet, is already 
allowed j but then as it moves proportionably flower, what is loft in number of revo- 
lutions of the firft mover (in order that the fame quantity of water may be raifed) 
muft be gained in the fccond •, fo that the fame fpur wheel will aft on a lefs wallower, 
or a larger fpur wheel afting upon the fame v/allower, produces a proportionably greater 
ftrain or twift upon the axis of the water-wheel ; again, if more engines are put on, or 
with longer ftrokes, or both, the ftrain, will be greater in proportion to the increafe of 
water drawn thereby ■, if, therefore, the 25 feet wheel’s axis goes 6 ^ turns for the pro- 
pofed wheel’s 3, the ftrain upon the old axis to that of the new will be as 3 to 6 7, fyp- 
pofing the fame work done by both ; but if the work done is more in the proportion 
of 1 5 to 27, the number of hogftieads fuppofed to be raifed by each, or, as I calcu- 
lated it, 13,2 to 26,7, the compound proportion will be 39,6' to 17,8, that is, the ftrain 
or twift upon the new wheel’s axis, when at its lefler ftroke, will be 4^ times greater 
dian that of the prefent 25 feet wheel i lb that it is much to be queftioned, whether an 
axis of 3 feet diameter, (which I apprehend to be that here propofed) or indeed any 
timber that can be got, will bear the ftrain fo as to be fufficiendy lafting. 


The 
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The fize, difpofition, and machinety of the Boats I think is very good, but I think 
a fmaller number would do as well in this Btuation : as to die fall propofed to the 
breali of the wheel, I think it not only expenlive and difficult here to lay, but ufeleft 
in this place on tide of ebb, and detrimental to the adion of the wheel on tide of Hood, 
The propofition of increaBng the number of barrels I can by no means approve, for 
either another crank muft be added, or there muft be fix barrels to each engine, cither 
of which will be attended with inccnveniencies, more complication, and more increafe 
of fridion than is neceflary. 

Laftly, with refped to the comparifon of the effeds of the old and new engine, I 
lock upon it as a matter of certainty, from obfervation, that the 25 feet wlieel moves 
6 revolutions at (Irength of tide, and, therefore, that its mean circumference moves 
dirough a Ipace of 495, or, as I make it, of 497 feet, and, in this cafe, bon.i fide raifes 
ij hogflieads of 63 ale gallons each per minute j but what is the velocity of the 
water driving the wheel, by no means appears, we are ftire the natural velocity of the 
water mud be greater than the wheel, but whether it be 4-, -y, .r, or -j', by no means 
appears; tlie number 619 therefore, expreffing the velocity of the water per minute,, 
cannot be confidered otherwife than as conjcdural, and, confequcntly, the number 3612 
hogfiicaJs expended per minute, deduced therefrom, muft be conjcdural alfo : tlic a6ting 
head to pioduce 619 feet velocity is i foot 8 inches nearly, not two feet a.s here fup- 
I'ofed; but if 619 is conjcdural, the head i foot 8 inches muft be alfo conjcdural. 

The mean height to which the water was fuppoftd to be raifed, viz. 100 feet, I ap- 
prehend is alfo conjedural, fince it rifes higher or lower in the ftand-pipe, as there are 
a greater or lefs number of cocks open upon the mams : now if 100 be divided by 
I foot 8 indies, the quotient is 60 ; but as both the divifor and dividend are conjec- 
tural, the quotient will be ftill more fo, and this being again a divifor to the conjec- 
tural number 3612, the quotient, which will be Co, will be ftill more conjedural ; but 
fuppofing the number 619 and loo both right, or nearly fo, then the number of 
hogflieads equivalent to the power will be 60, but ftill there remains a difficulty what 
proportion ojt' this quantity we muft take for the neat performance of the engine; 
few or no engines tlut I have feen have yielded moft fall fliort of -i, and the pre- 
fent engine lefs than , but moi c than that is, in cafe we arc right in ihe two num- 
bers before- mentioned, bccaufe i£ we are not, we ftill remain uncertain what the effect 
thereof is, in proportion to the power producing it. All, therefoic, that we can fairly 
■conclude is this, that a greater quantity of float-board will give a greater power, and 
u greatci* capacity of pumps will raife a greater quantity of water, provided wc do not 
overload our power, or break our tackles by overftraining. 


GASCOIGNE 
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GASCOIGNE ON RAISING WATER out op SHIPS. 

EXAMINATION of Mr. Gascoigne's propofals for raifing water out of 

Ships. By John Smeaton. 

R especting that part of his propofal which confifts jn applying the forcing 
pumps to the raifing of water out of the hold of a Ihip, by which means he is 
enabled to place the moft eflential parts of his machinery below the water line, is a 
merit that will be ob\ ious to every feaman j I fhall therefore not take up time in faying 
more about it than that it feems worth attending to, in cafe the convenicncy of a Ihip 
will admit its execution, and the moie cfpecially as I am very certain, from experience, 
that as much water may be niifed in this w'ay as any other. But in regard to the great 
preference Mr. (tascoigxe gives his pump above the chain pumps, in jioint of quan- 
tity delivered, and in point of power wherewith he propofes to woik it, I can by no 
means rgice with him. He propofes to rai!c - 5;6 tons of water per hour to the height 
of 2 2 feet, by four men ; whereas he gives us to underftan*!, that the common chain- 
jnimp requires 14 men to raife 60 tons per hoxir to the fame height j a very furprifing 
difFcreiice indeed ! In order to prove this, he has recoiirfe to calculation, and, as a 
ground-work, make this Ju^pcfiikn, that four m.en will turn round the winch or handle 
of his machine 60 turns per minute, in which cafe, as this will produce a flroke of i foot 
long in four pump-barrels of 6 inches diameter each, this will neccfl'arily produce a 
certain quantity of water per hour, which he calls 86 tons, but which, according to my 
computation, (fuppofing none loft) is fcarcely 84 ; but this I pafs over : now ifj on 
the other hand, we ftippofe that four men ccuuot turn round die winch 60 turns per 
minute, then the whole com.putation falls to the ground. He endeavours further to 
flipport himielf by a comparifon of the fiitlion of his engine with the chain-pump; 
in order to this, he calculates the number of fi iflions in his machine, and gives each of' 
them a determinate value, viz. four pounds ; he alfo calculates the number of frictions 
in the chain-pump, and calls each of ihem five pounds ; but as this is a method of 
computation totally new to me, and as he has given no fufficient rcafon why lie calls a 
fridlion in one machine four pounds, and in the otlier five, nor why he might not as well 
have called them four ounces each, or 40 jiounds, as beft ferved his purpofe, I fliaU 
not take up any more time in purfuing him any farther in this road, but fliall endeavour 
to fet the whole in clear light. 
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Desagulibrs, in the fecond volume of his Experimental Philofophy, has taken a 
good deal of pains in finding out a kind of land-marks to guide us in thofekinds of purfuits, 
and to enable us to value the prctenfions of projedlors in the art of raifing water ; and 
he has told us, that the mean ftrength of a man, when applied to the beft kind of pump 
that has been yet in ufe, amounts to no more than the raifing one hoglhead of water in 
a minute to the height of lo feet for my own part, I have made a variety of machines 
and many obfervarions of this kind, but never yet found tlie value of mens ftrength at . 
a medium equal to what is fet down by Desaguliers, unlcls they are fuppofed to 
work in hafte, or diftrefs, for a few minutes ; however, as it is more favourable to Mr. 
Gascoigke’s propofal, we will for the prefent fuppofe the performance of men equal 
to what is ftated by Desaguliers, viz. one hoglhead per minute at lofeet high, that 
is, at the rate of 6o hoglheads per hour. 

Now by the unalterable laws of hydroftaticks and mechanicks, if a man can only 
raife 6o hoglheads lo feet high per hour, he can only raife 30 hoglheads to 20 feet, and 
only 27 rV hoglheads to 22 feet in an hour, by the fame rule of proportion. Now 27-1*.- 
hoglheads, confifting of 54 ale gallons, as fuppofed by Desaguliers, makes 7.^. 
tons nearly, tliat can be raifed by one man per hour, to the height of 22 feet, and con- 
fequently that ih-j tons per hour is the utmoft that can be raifed by 4 men, inftead of 
which Mr. Gascoigne propofes to raife 86. 

If we examine what he has ftated concerning the chain-pump, by the fame rule, we 
(hall find its pretenfions more modeft : he fuppofes the chain-pump to raife 60 tons 
per hour by 14 men now if 74- tons per hour is all that can be raifed by one man to 
the height of 22 feet, 14 times 74 tons equal to or in round numbers 100 tons, 
is the utmoft that can be raifed by 14 men, inftead of which the chain-pump only 
raifes 60 •, fo that here it falls confiderably Ihort of the mark. However, we may 
hence conclude, that as the chain-pump is deficient only 40 parts in 100, that all 
the pump-work that can be contrived will never exceed the prefent chain-pumps above 
the proportion of 60 to 100 i whereas, men and quantity confidered together, Mr. 
Gascoigne, propofes to improve upon the chain-pumps in the proportion of 60 to 
301, which is the number of tons that ought to be raifed by 14 men, according to 
Mr. Gascoigne’s method. For my own part, I believe that the friflion naturally 
attending die cliain-pump will never admit its performance to be quite equal to what 
can be done by other known kinds of pumps 5 but as it is capable of fome improve- 
ment I am clear that it might be made to raife 75 tons per hour inftead of 60, and 
with mesre eoie to the fame hands. 
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It may perhaps be imagined that there is fomething in Mr. Gascoigne’s machine 
that is new, and preferable to all thofe that may be made trial of i but I beg leave ta 
obferve, that it differs in no effential point from the crank machines commonly made uie 
of for raifing water by water or horfes for gentlemen’s feats, brewers, diftillers, dyers. See. 
though not that 1 know of applied to (hips ; and in point of raifing water, I look upon 
it not quite fo well adapted as the machine he deferibes, and calls the fiore-pump at 
Portjmoutb, becaufe a three-necked crank works more equably, and is attended with lels 
friction than four : and in regard to his application of an air vefiel, though ufeful on 
many occafions, is of no ufe on the prefent it muff:, however, be allowed, that the 
form of the pump in ffore at Portjmoutb is much more cumberfome, and lefs adapted to 
the convenience of a (hip, befides the inconvenience of fome of its effential parts being 
above the water line. I apprehend Mr. Gascoigne’s machine capable of fome im- 
provements, by which it might be made to raife about 8o tons an hour witli 14 men, 
inftead of raifing 86 tons with four men, and if its fituation will be agreeable to the con- 
venience of (hips, may be ufed to a very good purpofe. 

London^ January ao, 1765. J. Smeaton. 
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BRISTOL HARBOUR and CANAL. 

PROPOSALS for laying the (hips at the quay of Brijlol conftantly afloat, 
and for enlarging this part of the harbour by a new canal through 
Cannon's Marfiy by John Smeaton. 

iIV. TT is propofed to keep the water in the quay and new canal to the conftant height ' 
of the 1 5 feet mark upon the lowermoft marked (faff upon the quay next the 
Avoriy and clearing away 2 or 3 feet of the mud there laying, to make from 17 to 18 
feet water. 

N. B. The 15 feet mark is about 6 feet below the top of the quay, and about 4 
feet below the Ipring-tide high watermark of the 24th and 25th of January, 1765, 
which, though not the largeft, were ncverthelefs accounted confidcrable tides. 

2dly. It is propofed to dig the new canal as far as the fluices, fo deep as to make 
1 8 feet water therein at the faid propofed level, and to make the fanie at lead 1 00 
feet wide in the clear, 

3dly. To drop the tail of the new canal into the river Avon at the bottom of Cannon's 
Marjhy juft above the Glajs Houje. 

4thly. To conftruft two feparate fluices, one as near as conveniently can be to the 
river Avon, upon the tail of the canal, the other at the diftance of 400 feet from the 
former, further within the canal } both thele fluices to be furniftied with two pair of 
pointing gates, one pair in each fluice pointed to land, the other to feaward. The 
width of the chamber, or Ipace intercepted between the two fluices, to be 60 feet, and 
the width of the fluices to be capable of taking in the largeft (hips that ufe the port, 
which I fuppofe will be done by an opening of 30 feet wide. 

5thly. The threlhold of the upper fluice to be laid at the depth of 18 feet below 
the conftant water that is even with the bottom of the canal j but the floor'of the cham- 
ber between the tv/o fluices, as well as the threlhold of the lower fluice, to be laid as 
low as the bottom of the river iinhe ftialloweft place, below the tail of the canal. 

6thly. Thele things being executed as before mentioned, the prefent mouth or 
opening of the river Froome into the Avon to be (lopped up by a folid dam. of earth, 

' furnilhed. 



[ ai9 ] 

furnilhedj however, with fuch draw-hatches as may be neceflary to allift the hatches in 
the gates of the fluices in difcharging the frefties of the river Froom in rwny feafons, 
but yet fo as to make a communication for all kinds of carriages from the Back and 
^ay down alongfide of the new canal between the fame and the river. 

ythly. The whole of the new work to be wharfed with ftone, fo as to form quays 
or fuch other conveniencies as fhall be found necelTary. 

8 thly. To ereft draw-hatches at the new bridge at the head of the quay, capable of 
retaining the water behind them when the water in the new canal and quay is let off*. 

9thly. To have the command of the hatches, and to ere£t new ones, if neceflary, 
upon the pond of Newgate Mill, 

N. B. By the conftruftions above propofed, Tom's Dock and Bridwcll Mill will be 
rendered ufelefs, but Newgate Mill will be benefited thereby. 

OPERATION of the foregoing conftrudions. 

When the tide is out, the water of the canal is propofed to be retained by the land- 
gates of the upper fiuice, all the reft being open on tide of flood. As the veflels come 
up, they go into the chamber between the fluices, where they always find equal water 
with that they came up v'ith, which chamber is capabip of holding eight Ihips, or four 
fliips and fix troughs, at the fame time •, here they wait at fpring tides till the flood in 
the chamber is upon a level with the canal, at which time the I'ea-gates of the lower 
fluicc are put to, whicli prevents the tide’s water flowing into the canal ; the land-gates 
of the upper fluice are then opened, and the vefiels proceed to their bii tlis. 

Then the large velTels that are going down, that require to depart at liigh water, are 
brought down into the chamber while the tide is flowing; the fea-gates of the upper 
fluice being then put to, and the hatches of the fea-gates of the lower fluice dra-vi^ 
the chamber fills to the level of the tide in the river, and the fea-gates of the 
lower fluice are opened ; and if any deep vcfllls are arrived after the tide had rofe to 
the level of the canal, they may now be taken in, v/here they wait all together till high 
water, when the outward bound depart, with the firft moment of the ebb, and tlie 
inward bound wait tilf the tide has funk to the level of the canal ; at which time the 
land-gates of the lower fluicc are put to, and' the fea-gates of the upper fluice are 
opened, which gives thofc Ihips leave -to go to their births, and at the fame time to tak^ 
' F f 2 in 
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in fuel) of the veflTels as are oiutward bound, and can go down with the remainder of 
the ebb, after the water is fallen to the level of the canal ; which veflels being brought 
into the chamber, the land-gates of die upper Iluicc are put to, and the hatches of the 
land-gates of the lower fluice drawn, by which means the water in the chamber is 
reduced to the level of the tide in the river ; the land-gates of the lower fluice are then 
opened, and the veflels depart, leaving the fluice in the fame pofition as we found it. 

Hence it appears, that two fets of veflels may go up and two down in one title, 
when the fpring tides rife above the level of the canal’s water, and that without the 
admiflion of any tide-water into the canal, except what happens to get in by the dif- 
turbance of the water by the palfing of veflels, which, as it will lodge near the upper 
fluice, the greateft part will be drawn through the hatch of the land-gates of the 
upper fluice j which ought to be drawn at low water, to let off the water accumulated in 
the canal and quays by the currency of the river Froome, and to fcour the chamber and 
the lower fluice from the mud left by the tide. 

At neap tides the veflels inward bound come into the chamber as before, as foon as 
they have water, and wait all together till high water, which being below the level of 
the canal, the land-gates of the lower fluice are then put to, and the hatches of the 
land-gates of the upper fluice drawn ; by which means the chamber will fill to the level 
of the canal, and as the land-gates of the upper fluice may then be opened, the veflels 
may proceed to their births, and thofe that are ready to go down may hawl in i after 
which the land -gates of the upper fluice being put to, and the hatches of the land- 
gates of the lower fluice drawn, the water in the chamber is then reduced to the level 
of the tide in the river ; the gates of the lower fluice may then be opened, and the 
veflels proceed with the tide. 

When water is plentiful in the river Froomet the veflels going up at neap-tides may 
be penned through the chamber, by drawing the hatches of the upper land-gates fome 
time before high water, which will aflbrd more time for the veflels going down to get 
into the chamber before the tide is much abated ; otherwife it will be moft advifeable, 
that after the. veflels going up are gone out to their births, to keep the water againft 
the land-gates of the lower fluice till the next tide, when all the veflels going out will 
have time to get into the chamber, and be ready to go out all together at high water.. 
By this metltod of palling, the veflels inward bound one tide and outward bound the next, 
they will all have all the benefit of the full tide, and the whole of the water expended 
in twenty-four hours will be only fo much from the canal as is neceflary to fill the 
chatiibA’ froin the level of higL water to the level of &e canal ; and I apprehend the 

feafon 
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ieafim is ieldom fo dry, but that the currcnqr of the Freom will, at an average, replace 
this to the body xif water contained in the new canal and quays in twenty-four lioyrs v 
but, by way of further fupply, as no water will be wanted from the canal to pafs the 
veflels in Ipring tides, an accumulation of i foot may be retained without prtjudice, 
which, upon fo large a furface as will be contmed in the new canal and quays, wou'd 
alone be nearly equivalent to the water expended in the chamber for palfing the veflels, 
according to the laft propofed method. Yet, as a fhcet anchor, the pond of Nevo^ate 
Mill may be had recourfe to, upon paying an equivalent j but which, from the reafon 
already ftated, I don’t apprehend can be wanted above once in feven years. 

As by this method the tide-water will be almoft wholly excluded,' there will not be 
a need of often fcowering ; but, when this is done, the hatches propdfed at New Bridge 
will be of ufe, and the hatches upon Newgate MiU Pond will be ftill of further ufc ; 
but 1 don’t apprehend this operation will be needed above twice, or at molt four 
times a year. 

OBSERVATIONS. 

I ft. A power of diverting other ftreams into the nver Froom upon necelTary occa- 
lions may be of ufc, and of making refervoirs for water. 

adly. The fea-gates of the upper Huice are to have no draw-hatches, which will effec- 
tually prevent the Ihips from penning into the canal with the tide’s water. 

3dly. By thefe conftrudtions, whenever there is water to bring up a fliip to the tail 
of the canal, fhe is always enabled to get to the quay. 

4 thly. The fhips being kept conftandy afloat, the river Froome will of .itfolf birth a 
great number, and the new canal will birth twenty-four fhips, befldes leaving a fuf- 
ficient paflfage ; but, by making it wider, will birth a greater number j every Ihip’s 
breadth in width makes an addition of twelve births. 

5 thly. The expence, as near as I am at prefent enabled to calculate the fame, will 

be as follows. /. J. 

To digging, - - • - - 6555 o o 

Quay walling, - • - . , - 4887 ® ® 

The two flukes, - • - - - 8000 o p 

The dam and hatches acrofs the prefent mouth of Froome river, 1000 o o 
The hatches at New Bridge ard upon Ne^^vgeite Mill Pond^ - 600 o o 

Contingent cxpenccs being fuppofed, - - - 395800 

25000 o o 

Exclufive of-purchafe of lands and damages to Bridtxvell Mill and Tom'i Dock, 

’January 26, 1765. 
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January 46, 1765. 

AT a numerous meeting of the merchants of the city of Briftolt this day held, 
JoH.N Smeaton, Efq; having prefented to them a fchcme and plan for laying the 
Ihips at the quay of Briftol conftantly afloat, and for enlarging that part of the harbour 
by a new canal through Catmon's Marjht it was unanimoufly voted, that the thanks of 
the gentlemen prefent be given to Mr. Smeaton for his plan now offered, and for 
his diligence and attention in this matter. 

Tho. Symons, Clerk. 


Jufthorpe, December 31, 1766. 

HAVING perufed and confidered the plans this day laid before me relative to 
Brijlol Harbour, * I am of opinion, that the uppermoft and lowermoft where the fluices 
are made out of the river, and the dam upon the channel of the river, are more prafticable 
and eligible than the middle fcheme, where the whole is done within the bed of the river, 
and provided the expence of the execution of either of thofe fchemes is no objec- 
tion, there is no other material one that occurs to me ; and refpe£ting the eligibility 
of the upper or lower fcheme, as there is no difference but what relates to convenience 
and expcnce, this is a proper fubjeft for the determination of the merchants of Briftol. 
But whichever of thefe fchemes arc executed, I advife, if two paffages are made, to 
keep them entirely feparated by a middle wall, and to raife thefe walls and gates at 
leaft 5 feet higher than the crown of the dam, efpecially at that end next Briftol. 

J. Smeaton. 

• Defigns of Mr. Champion, who came with them into Ywkftirt in company with Mr. Stmohs, Clerk 
of ih< Company» p 
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PORTABLE FIRE-ENGINE. 

DESCRIPTION of a Portable Fire-Engine, invented by John Smeaton, 
F. R. S. at the inftance of the Right Honourable the Earl of Egmont, 
1765 - 

No. 1. QHEWS the ground plan of the walls for fupporting the engine, which is 
fuppofed to be neceflaiy, in order to keep the feveral parts of the machinery 
from fettling under the weight, wherein, 

A. B. is the pit or fhaft. 

C C foundation walls on each fide of the pit, for fupporting the fore part of the 
engine frame acrofs the pit. 

D. D. a foundation wall in like manner, for fupporting the back part of the frame, 

E. E. walling under the boiler. 

F. Ihews the center of the’ boiler, 

G. the place of the cylinder. 

H. the main pump. 

I. the jack-head pump. 

K. K. the alh hole. 

No, 2 , contuns elevations of the engine, viz, an end and fide view thereof, when put 
together, wherein the fame letters as are in the plan refer to each, 

A. B. is the pit or lhaft. 

C. C, the upright of the foundation walls on each fide of the pit, for fupporting 

the groundfill c, acrofs the pit, upon which one fide of the engine frame is 
raifed. 

D. D. the foundation wall, for fupporting the groundfill d. upon vdiich other 

fide is raifed. 

E. foundation wall for fupporting the boiler, and forming the alb-hole. 

F. is the boiler, /. the fire-door, g. the chimney, s. the fteam-pipe, jp. ihe puj^t- 

clack, V. the feeding-pipe funnel, the man-hole. 

G. the cylinder. 

Tl. the main pump-fpear. 

I, the jack-head pump, by the continuation whereof the water is conveyed- 

into 

L. the injeftion ciftern. 
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ZfC a wheel lerving inftead of the greac beam, m. a rim of a ftnaller diameter, 
attached to the former, for working the jack^head pump L and plug-frame 

(T. a. pulHes to bring their Chaim into a convenient place for working. The wheel 
is flopped at the end of it’s intended ftroke, which is to be 6 ^ feet, flop 
and ftop, by means of the two iron hdds h, h. which, reaching out on each 
fide of the great rim, ftop againft two ftrong iron pins e. e. which are fixed 
into a crofs beam S. framed into the piece ‘t. and the whole firmly bolted 
together, as Ihewn in the defign i N. is the inje6lion-pipe, n the injcftion-cock, 
and X. the pifton water- ccck. 

O. is the hot well. 

R. a ftagc for the perfon to fland upon, who hands the en^ne. 

P, P. arc the two main-beams or fleepers, upon which the cylinder is feated upon 

it’s bottom, and bolted down the whole is kept from fpringing or flying oflf 
by the iron ftrap q. 

N. B, The waftc water* pipes, are omitted to prevent confufion. 

No. 3. Fig. I. fhews a feiflion of the boiler,- cylinder, and pipes, with the working- 
gear, to a larger fcale, the whole being divefted of the framing, in order to render 
every thing more diftinCl. 

N. B. The boiler is fuppofed to be turned one quarter rounds from it’s true po- 
fition, as in No. 2. in order that the moft material parts may be brought into 
one view^ It is elfo to be noted, that every vcflcl or pipe is fuppofed to be 
cut right through the middle, in order to fhew the contents, and not that the 
fodlion is confined to any particular plane ; but, fdr the more perfe£l expiring 
of the principal figure, it will be beft to begin with the little plan marked 
Fig. 2; v^herein 

A, B, C. D. is a plan of the cylinder bottom, bolted down upon the two main 
beams A, Bi fu\d C. JD. i die dotted circle £. F. (hews the extremity of the bottom 
flanch of the cylinder, and the circle G. H. the diameter of the cylinder within j 
the hole/, anfwers the fteamrpijie and regulator ; and the hole K. the eduSiuon or finking 
pipe, ^ the circle L, M, it's flanch } . the circle N, 0 , Ihews the fize and pofition of 
the regulator plate, ahd the dotted circle P. ^ the fize of the receiver, in which the 
Aiding valve of t^e regulator R. works, and in this pofition is open ; S. 7 *. is the lever 
by which it is worked ; and when that is brought forwards into the pofioon S. V» then 
the covers the aperture of the regulator. 
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Egfitu/itiaon of Fig. t. 


< 1 # i 9 iIm boiler, and 

B the fire-pl«ce, which is intended to be of a Qdierioal figure, of caft iron, and 
intirely within die boiler } the cools are to be introduced by the large pipe 
or opening C and the fmoak carried off by the curved pipe D and, in order 
to promote a hifficient draft, the iron funnel E. is added. The alhes fall 
dirovg^ the grate S and wide jripc F» into the afli-holes below. The whole 
being joiaed to the boiler by proper flanches, as is ihewn in the figure, and 
always covered with water, as will be known by the two gage cocks a, k 
Though it is expei^ed that a fnudl force of fire thus applied will keep the aig;ine 
going, yet as that force cannot be whtdly exhaufted within the compafs of the 
boiler, it is prt^fed to furround the curved pipe D with a copper ve^l, fome^ 
what adapted to the fhape thereof^ as rq>rerented in the figure, in which it is 
prop<^ed to bring the feeding water, which will hereby be prepared to a greater 
degree of heat than if brought immediately from the hot well into the boiler j 
into which it is to be introduced by the little hole at r. 

The bars of the grate S are intended to be caft in a loofe ring, capable of being 
taken out, and replaced when occafion requires. 

T a cock for emptying the boiler when it wants to be cleaned. 

G is the cylinder into which the fteam alcends from the boiler, by the pipes deHIj^ 
of which 4 e axe the copper, and are difunited at /, for die fake of taking 
the engine eafily to pieces s and are jdned by firft bending a piece of lead 
round the joint, and then wrapping them with cloths and cords, as is common 
in great engines. 

H is die receiver for the fteam, of caft iron, containing the regulator valve j and f 
is the fteam pipe, by which the fteam palles to the cylinder when the regulator 
valve is open, u4iich in the prefent fituadon of the en^ne it is fuppofed to be^. 
in which cafe the pifton K will begin to return, 
is die ibifting deck, at which the fteam at this inftant blows out. 
the injedion cock, which is now fhut. 

the injeftion pipe, which brings down the water from the ciftem above, 
that pttt ef the injeAion pipe that conveys the water into the cjdinder, when 
injeAkxi cock is opened, and which terminates in a cap that direfts the jet 
of water peipendicidar j the ii^eftion cap is in the center of die cyUnder, 
but as part of the aerminsedoo of the ii^eftion pipe kya bdiind the fteam 
pipe it iiinden the complete view thereof i the other parts will perhaps be' 
bettev dcMbcdhy «(i etq^laftation of die operafien of the engine. 

Voi. I. G" g 
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To render this explanation intelligibk, it is to be premifed} thA the pltig<^aine Pf 
which moves up and dowta widi the pifton, but with a difierent velocity, according to 
the ^ameters of this two wheels, (iVf and m No! 2) is iurnilhed with pins, which lajr 
in four different planes, anfwerable to ibur different detents or arms of the working 
gear : the pin 3 lays upon the fore fide i the pin g lays in a mortoife, which divides 
the plug-frame into twp parts, the pins S, 1, 2, lay upon the far fide, and the peg p 
ffands in the place of the plug-frame, upon the farther chedc. Now when the pifton 
is rifen. as. high in the cylinder as it’s fti^e is intended, the pin g having' met the arm 
i) of the tumbler i overfets it ihto^ 4 he pofidoniws fo that the point k moving 
into the place of m, the regulator valve is fhot, by drawing the rod k 0, which ukes 
hold of it’s lever towards the plug-frame ; and at the fame inftant the peg f rifing fo 
as to life up the catch the bnk of tlw frdler (or F as it is commonly called) marked r, 

. is difengaged therefrom, and the weight w, by defcemhng into the place v, carries the 
fork X along with and therewith the lever that turns the injeftion cock into the 
place y, and whereby that cock is opened, the jet played, and the fleam reduced into 
water, (or condenfed, as it is commonly called) hereby a vacuum being produced 
within the cylinder, the prelTure of the air caufes the pifton to defeend, and in defeend- 
aog, the peg S, on the far fide, meeting the faller at /, carries it down to z, which 
^uts (he cock, and aifo hooks the beak behind the catch g, and thereby the 

tail / / becomifig parallel to the plug-frame, the pins focceeding the pin <$*, retain 
k kl the fame, pofidon, the pifton. fbll defeending till the peg 3 on the fore fide 
laying hold of the arm 4 of the tumbler at », thereby brings back the regulator 
into it’s prefent pofition, and the further defeent of the pifton is flopped by letting 
hi the fteanv, 

, The, water |hrown in by the injeflbn at each ftroke, and ^ generated from the 
heafn, is evacuated while the pifton is rifii^, by means of the eduftion or finking^- 
pipe, and valve d^is .plpe laying exa^y .behind the fteam-pipe Ij is thereby, ih a 
great meafure, kid ; the fteam-pipe is carried frvend inches, above the botton^lof the 
cylinder, to.prjwent the vt»ter from running iotq the. boilers Ink theeduc- 

^on-pipe i^s no order. to. 1^ die waaer««ito its dnd 

|l the bottom ot tlMi eyfi^er is cpmiaonly tkysted from to 3. feet above, the valve 
A die bottom of called the hoderfoot- vahre, the pref- 

iibtt,cohirna,|rf opens thc.valvie,;. and ,.W die ciftem R, 

l>«»whefk thai>yaeuum is du* vdK fhbts, ao^ being im> 
jner^ea^4^,(urjf|ce of lie.h^ weU . 

-j. • * *. . 
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• As ihi^ is' a coofideraMB, <)tiaDlity air lodged' ih 'water, vdien 'iit tfs oattahd 
ftace, which feparates idelf bjr boilin|^ and, in fome cl^;ree,- by conlidersdyly Keatings' 
it follows that a quantity of uf pafles along with the fteam into the ctUnder, ai^ 
that a further quantity efciapes fiom die injedion water, by being cbndderably I»bted 
with the fteam ; and though ak is capable of being confiderably expanded by heat, 
and contracted by cold, yet the degree is fo very much lefs than that of fteam, that 
if the air generated at each ftroke was not evacuated, it would quickly render the 
vacuum fo imperfeCt, that the pifton would ftop in the middle of it’s defcent. Now 
as the air will be lodged, when the pifton is down, between the furface of the injec- 
tion water laying upon the bottom of the cylinder and the pifton, in order to get rid 
of it, the fnifting clack L has been, happily applied ; for, on the firft ru(h of the 
fteam into the cylinder, the pifton not being inftantly put into a contrary motion, 
the fteam, finding a paflage at the fnifting clack for a fmall (pace of time, blows 
out thereat, and therewith carries the whole or the greateft part of the air generated 
at each ftroke, fo as to prevent it’s increafe beyond a certain degree. 

The furfece of the hot well water being in general from 3 to 5 feet higher than the 
furfice of the water in the boiler, this height of column is fufficient to force it’s way 
into the boiler, though refifted by the aftion of the fteam within, when fu/Hcicntly' 
elaftic for ufe j it therefore finds it’s way down the feeding-pipe 5, 6, through the feed- 
ing-cock 7, which is opened fb much as is found necefiary for fepplying water to the' 
boiler as faft as it is confumed in fteam. It is evident, that whenever the repeUanCy 
of the fteam within the boiler is not too great to fuffer the furface of the water in the 
feeding-pipe to be below that of the hot well, that the boiler will feed by the of 

the water into the pipe ; but whenever the repellancy of the fteam is Rich as to keep 
the water in tlie feeding pipe above that point, that then the water will revert into 
the hot well; but as the repellancy of the fteam within the boiler is alternately 
greater and lefs, as the regulator valve is Ihut or open, during each ftroke of the 
enginci it ft^ows diat the boiler may feed while iHe cylinder is drawing the fteam 
from the boiler, uid revert while dw [^on is defeending. In drder, thereftire, to make 
this matter fafe, and at the feme time to bring the engine into as ftmll a compafe as 
polfible, the valve 8 is placed in a little box in the Hot well; to prevent fudi a iwfer- 
lion. It is necefiary to continue the feeding-pipe -as ufual confiderably above the hdt 
Well; fer as the watorls' ^ i vibrating Itote wi^n this pipe, accordtnj^ to five vaHiftile 
Fepelkncy of die widiin ixfiler; ’Als extohfMMi is » prevent ifs frequently 
overftowingf for k is aeceflkry to hi open, at toe top, btherwife toe fteani . generated 
ito«ld prevent h’t ifee^ig^at a&i or very irri^blirljr. 


N. «; 



: H. B. Hie hcfC well In this view «f ih« mtel^af, v^rtfimtld CM^deniblf 
Itrgerthan it it{ for foppofing the bolter ttimod » quarter reufid wh^ the ^bedteig* 
|jipe 5 6 fidh direfily behind the puppet-clack 9, a* Bwwn iti iha genteal ^avadeiH 
the hot well will then be ftorter by half the diauteter of the boiler. 

The puppet-clack 9 has no other uie than being loaded with a certsdn w«g^t> in 
proportion to it’s iize> that whenever the repellancy of the fteam in 1^ boiler is greater 
than to M up this clack, it evacuates without borfting the boiler, which it other- 
wife might do, aiKi, when the engine is (topped^ the perfon actenidiog lifts k up by the 
cord 12, 13, in order to diftbaige the fteam. 

A pipe of communication for fteam, 10, ii, between the receptacle for feeding and 
the boiler, will be neceflary ; for while the boUo* is heating to make the engine work, 
(after ftanding fbme time) the feeding-cock being then fhut, the water in this recq>- 
Cacle will boil before diat in the boiler, and poffibly, by the hidden expanfion of the 
fteam upon boiling, might burft this vefTcl before the water could be evacuated at the 
little hole c, and yet, if ib, being emptied . of die water, might, by overheating the 
copper, break the foldered joints. 

N. B. It is to be underftood that in this, as in all other en^nes, the weight of the 

mainpump-fpear is fo fttf to exceed the weight of the piftnn as to raife it, and ovahaul 

all the gear, and that if not fo, muft be weighted till it will do it. 

1 have faid nothing of the meafures, for as every thii^ is dratm to the fcale 
annexed, 1 did not chute to pei|dcx the account therewith. 

Calculation of tiie efteAs of this engine. 

' The diameter of the cylinder being 18 inches, the area in circular inches will be 
324 inches, and allowing fib. to tiie inch, which ftich a eyhnder will vetf Well carryv 
we Ihsdl have 2268 lbn« equals to the we%hc of the colopin of water to be Itft^ 
3: t ton and V quarter of fin hundred weight. 

V ' * ■ . 

The pomp working barrel being ftqipoted of 7 incliet d^ametov the weig^ of o 

eolvmp of water that hxe, ;aiid rteot h^dV- ^’7 ^ ^ which divadiog 2268 lbs. 
10 1 m ^te(|| vte have i^jj.pteet ^ the h^ght of tbg oolumn s 22-r tethoim nearly, 1^ 
a fimihtf^ptocefs, If the working band is 8 inches, the bdght of die eolemn ratted^ 
will be ry-f teth^ns, fmd if of 9 inches, ij^huhoms. 

Sudi 
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Such an engine may be expeAed to make ten ftiokes per minutet of* 6 feet each, 
efie^ively ; this, with the f incif bdre, prhdtice 9S| idC gallons per minute, that 
is 1 13 hogfheads wine meafure per hour j the 8 inch bore will produce 128^ ale gal* 
Ions per nunute, that is, 148 hogfteads pei^ hour 1 and die 9 inch bore will pmdoOt 
162^ gaUons per minute, cn* <87 hqglheads per hour. 

It has been found by ei^erience, that a 2 feet cylinder can be worked by one bulhel 
of Newcaftk coals per hour; the. prefeitt cyHnder being but 18 inches, the capacities 
will be as 16 Co 9 ; therefore if a 2 feCt cylinder takes 24 buflKls per day, an 18 inch 
cylinder ^ill take but 13^ bufhels per day, according to the common application of 
fire i but I have realbn to think ah cn;^e conftrufted like this Udll not require above 9. 

It has alio been found by experience, that a horfe will raife about 250 hogiheads 10 feet 
high per hour; confequently only 30^ hogfoeads at 134- fathom = 82 feet; but 187 
hogiheads rufed to that height by the engine, is lAOre than fix times the quantity raifed 
by one horfe, and confequently ads with more than the power of fix horfes at a time ; 
but in order to keep up this force with horfes, ni^t and day, three fets wiU be required, 
and confequently (his engine will be more than equivalent (0 eig^eeh horfds. 


wfiitftt 
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WHITBY HARBOUR. 

Tiri^tfirey to wit| At dw affizi» hdd at the caftie of Torky in and for the fakl county^ 

on Saturday the soth day of Ju]y» in the fifth year of the rei^ of 
our Sovereign Lord George the Third, by the.gracc of God, now 
King of &c. and in the year of our Lord 1765, 

before the Honourable Sir Henry Goui.i>, Knight, one of the 
Juftices of his Majefty's Court of Common Pleas, and the 
}. HonouraUe Sir Joseph Yates, one of the Juftices of our Lord 

. . the King, afllgned to take the faid allizes according to the ftatute. 

Cholmiey, Efq; againft Howlett and Mathews. 

■ TT is ordered by th? confent of the faid parties, and their attornies, that the 1 aft juror 
^ or jury empannelled and fworn in this caufe be withdrawn from the faid pannel, and by 
tlic like confent it is ordered that tlie plaintiff (hall execute, and the defendants lhall ac- 
cept, a Icafe with proper covenants for repairs by the defendant, and all other ufual cove- 
nants, of the plaintiff’s mills and fifhery, in the pleading of this caufe, mentioned at a rent 
equal to the higheft neat proflts, to be computed on a mean of any three fucceffive years 
to be named by the plaintiff, which (hall appear to the fatisfadtion of Fountain W ent- 
WORTH OsBALDESTON, of Hunmanbyy Simon Butterick, of 1 ‘hirjk, and John 
Grimston, of Kilnwick, Efqrs. or any two of them, to have been made at the premifes 
by the plaintiff ; and alfo to enter into fuch covenants for cleanfing the harbour of 
Whitby from the allum ihail, which hath come from the defendant’s works, within fuch 
time and in fuch manner as John Smeaton, Efq; and John Wooler lhall think 
reafonable, and alfo for the lecurijty pf the- iiud harbour, from future damage from the 
defendant’s allum works. The furvey and award of the faid John Smeaton, Efq; 
and John Wooler to be made on or before the 7th day of November next, and at the 
joint expcnce of the fud parties ; and it is further ordered that fuch fecurity lhall be given, 
and penalties provided for the performance of the aforefaid covenants, as the faid 
Fountain .Wentworth Osbaloeston, Simon Butterick, and John Grim* 
6 TON, of two of them| lhall think reafonable and fulHcient, and that the leafe to be made 
fhall be executed on or before the 20th day of December next, and lhall OHnmence, 
tcigether with the rent;, ^ that tine, lor the term of 99 years. 

^ And it i^ allb ordered that there lhall be no cofts on ekher fide, and that the defendants 

dependmg in the Court of Chancery, lhall be dif- 
: milRd 
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without cofts i snd that aU other fKroceedmgSiOr o^tioni now depending between 
^ laid parties, other at law or in equity> touching tite matter in queftion an this caule, 
Ihall'ceafe, and that no writ of error (hall be iNXHi^t, and tliat no bill in equi^ flaall be 
filed againft the laid Fountain Wentworth Ossaldbston, Simon ButtbricK) 
John Grimston, John Smbaton, and John Wooler, or any of them, for any 
thing done by them under or by virtue of this order j and that this order ihall be made, 
an order of his Majefty’s High Court of Chancery, if the Lord High Chancellor Ihall; 

fo pleale. . . , 

By the Court. 

N 

To all to whom thefe prefents Biall come, John Smeaton, q£ in . the 

county of Tork^ Efqj and John Wooler, of fVbitbjy in the faid county, Gent, fend 
greeting. Whereas, by rule of court, made at the al&zes held at the calUe of Tork m 
and for the county of Tork on Saturday the 20th dty of July, in the 5th year of the 
reign of our Sovereign Lord George the Third, by the grace of God, now King of 
Great Britain^ and fo forth, and in the year of our Lord 1765, before the Honourable 
Sir Henry Gould, Knight, one of the Julbces of His Majefty’s Court of Common 
Pleas, and the Honourable Sir Joseph Yates, Knight, one of the Juft ices of our 
Lord the King, afligned to hold pleas before the King himfelf, Juftices of our faid Lord 
the King, afligned to take the faid alTizes according to the ftatute, &c. in a caufe then 
and there depending between Nathaniel Cholmley, Elq; plaintift^ and Samuel 
Howlett and John Mathews, Gents, defendants, it was ordered, by the cooienc 
of the faid parties and their attornies, that the laft juror of the jury impannelled in the 
faid caule Ihould be withdrawn from the faid pannel, and by the like conlent it was or- 
dered (among other things) that the laid defendants Ihould enter into fuch covenants 
for cleanfing the harbour of Whitby from the allum lhail, which had come from the de- 
fendants works, within fuch time and in fuch manner as wetheftud John Sme atom 
and John Wooler Ihould think reafonable, and alfo for the fecurity of the faid har- 
bour from future damage from the defendants alhim works. The furvey and award of 
us the faid John Smeaton and John Wooler to be made on or beflsre the yth of 
November then next, as by the faid rule of court, reference thereunto being had, may 
amongft other diings fully appear. Now know ye, that we the faid John Smeaton 
and John Wooler having viewed, furveyed, and examined the faid harbour of 
Whitby and the river EJke. as far upwards as Ibronide Beekf and the faid Seek as fttr as the 
allum works of the faid defendants, which are fituate and lying^contiguous to or near 
the faid Beck, and allb the faid allum works, we find that not only the harbour of Whiffy 
above the bridge there, but the channel of the river E/ke as far upwards as the faid Jiraf- 
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dak Btetf is gteiMiy with tlfami AmU* and lUb thtt the cluiiuid of the 

Ik’wukk Beck is greatly ohftni^edl^ eod >9 fi)Jne pleees nearly hUc 4 vip» by the ttllwi* 
(hail therein ; and that the allum (hail being in the Aud harbom* river« and beck aa 
aAirefaid* has all proceeded from the faid aUum works of the dcA^adanta* arid has been 
carried down into the faid river and harbour* in die rime of Boods and frelhes* ftom die 
fud bedt i and that the laid harbour of Wlxthy above the bridge there is greatly damaged 
thereby $ and we alio find that the manner in which the faid allum work is carried on is 
fuch as will occaGon (till greater damage to the faid harbour than it has yet received* by . 
'realbn of other great heaps of fhail and rubbifh* from time to time proceeding from the 
ilud works* muft neceflarily fall into the faid beck* and by the waters paging through the 
farrie in rime of floods and frelhes be waflied and tarried down into the faid river* and 
from thence* by the faid waters* and the additional waters coming down the faid river 
above the faid beck* carried into the faid harbour* and there fcattered about in an irre-> 
gular manner, to the great detriment thereof* and particularly by filling up and choak- 
ing the channel of the faid river* where (hips of great burthen lay or have ufualiy laid 
between the bridge of Whithy and about i6o y^ds above a place called the Oil Iku/ey 
and which was formerly called the Stone Kty. . 

We do tlierefbre order* adjudge, determine* and award* that the faid defendants and 
riiflir or one of their heirs* executors* adminiftrators* or afTigns* or fome of them* (hall 
efiTedlyally cleanfe the prefent channel of the faid river J^e* running through that part 
of the faid harbour of fFhitby laying above the bridge clierefrom* and remove and carry 
away all the allum Ihril that (ball be found at the time or times of fuch cleanfing laying 
in the faid river or harbour* between the faid bridge of Wbithy to i6o yards above the 
fouth ealt comer of the building or warchoufe now commonly called the Oil Houfty and 
which was (bcmerly callod the Stone K^y and which (hall be (bund above the furface of 
a plane regularly inclined (b as to be 14 feet below the top of the uppermoft aider courfe 
of ftonc in the prefent fouth eafl angle of the &id QU Hwfi as it now is* and 16 feet be- 
low the top of the uppermofl: aider courfe of done under' the thre(hold of the dppr on 
the ead fide df the waKhoufe or dorehoufe. belonging to Mr. PtuMMaa, being fituate 
contiguous or near to the wed eiud of the feid bridge; and alfe that they (hall take and 
carry vnwf aU dich aflum (hail as at the time or times afbreiaid (hall be feimd laying on 
rise (h^iog fides of the (aid channd. 

ikod we do further order* determine* and award* that the dud defendants and their 
er; c^of iheir heirs* executoi^ ^niinidrators* or afllgns* or feme of them* (hall edec- 
do* and perferm* or caufe to be ede£hially made, done, and performed* all 
fuph cieniri d^ df die (aid river and harbour as herein before ordered and awarded* on or 
^fore the of September* which (hall be in die year of our Lord 1766. 


And 
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And we do furdier order, decerminey and award, thac the fkid defendants and dieir 
or one of their hdrs, exeditori, admiidflntors, or affigns, lhall from to dme, after die 
iiud 2^ of Sqitember, 1766, take away and remove, m* caufe to be taken away and 
removed, iU fudi aUum IHail as fiiaU be found above the level c£ the fdane above ijpe- 
cified, or laying upon the Aopng fides of the frud channel ; which allum lhail we ad*~ 
judge muft happen to be fo found or laying fo long as die laid allum works of the laid, 
defendants fliall be carried on in die manner they are at prefent, and fo long afterwards 
as any of the lhail procee<frng therefrom, and laying in die laid beck and river above 
the harbour of Wbithyt lhall remain therein in a ftate capable of being removed by 
floods. And we do alfo further order, determine, and award, that all fuch allum lhail 
as lhall, on cleanfing the fold harbour aforefaid, be taken av(ay, lhall be by, or by the 
order, and at the coft and charges of the faid defendants, their or fome of their heirs, 
executors, adminiftrators, or afligns, carried or removed and lodged above the high 
water mark of fpring tides, and depofittd and hud in fuch a manner as no pa rtthereof 
may at any future period of time Aide or fall down into die find harbour, or otherwife 
that it lhall be carried direftly to fea, and difcharged there in not left than 14 fathom of 
water. And laftly, we ^o order, adjudge, determine, and . award, diat the faid de- 
fendants lhall, within 40 days after the date of this our award, enter into and make, 
and duly execute, adeed of covenants between them and the faidNATKAKiEt Choi.m4 
LEY, or his heirs, wherein and whereby the defendants lhall, for themfelves and each of 
them, and their and each of their heirs, executors, adminiftrators, and afligns, and 
every of them, jointly and feverally covenant, promife, and agree to md with the faid 
Nathaniel Cholmley, and his heirs and afligns, that they the laid defendants, or their 
or one of their heirs, executors, adminiftrators, or afligns, or fome of them, lhall and will 
from time to time, and at all times hereafter, at their own coft and diarge^ wd} and truly 
make, do, perform, and execute, or caufe to be well and truly made, dime, performed, 
and executed, all and every the aA and aAs, thing and things whatfoever, before by us 
ordered, direAed, determined, and awarded to be by them, or any of . diens, made, 
done, executed, and poformed, or caufe to be inade, done, executed, and perforined' 
as fully and cfFeAually, and at or withm fuch time or times, and in fudi' manner as 
herein before mentioned Kcordiiig to die true intent and meaning of this Qur 
award. In witnefe whereoif we have hereunto fet our hands and feals this i8(h day of 
OAober, in the year oX our Lord 1765. 

Signed, feaied, publilhed, and declai^ Signed, folded, puh 11 fo<^‘ahd declared 
by the abbve-narrfed John Smeaton, as,. , ,,by the j 0 mfe-n^ed, jfoHN ' as 

his final award and determination, in die' his fmaiawu^'uid’detenninatloo, in the 
prcAfnce of us. prefence of us. 

VoL. h H h 
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MARKET WEIGHTON. 

tTAVING viewed ouufali doughs of m& lhJUtft tf welt «s tke lea^ng 

drains up to Hvtham Carrs, and from trance the countiy between: this and M/rrk^ 
IFeigbten, it appears to me as fbhows : . 

i *14 

ift. That the moft Bonded part of thofe levels k Hothm Carrs, and parts adjacent to 
Whopa, 

ad. That the general furface of the lands in thofe Carrs lay at leaft 7 or 8 feet above 
the flo(w of HuMstt CUugb and therefore^ 

3d. That by fufHcient drains the fut&ce of the water might be reduced 5 or 6 ieet 
iii Hotbam Carrs, oppofite Wbopa, even as Furjd^ and Hudlett Cloughs now ftand t 
and therefore 

4th. That all the drainages which come to Hothabs Carrs, by way of Foulu^ or Black 
Dyke, dec. may be equally reduced and improved j and confequently, 

5th. That all the adjacent country may by proper branch drains be refitted in like 
manner) by running their waters proportionably lower_ than they can by the prefent 
drains* 

5 th» It dq;>peu;$ JBtdpt Clough (which I look upon to be lower than that and Furf- 
ifyke) lays at lea|l 3 feet above low water mark fpring tides j and therefore) 

' t 

7th. That by, crewing a new clough of prefer dimenfions> the waters might be run 
off at kaft, 3 feet lowjcr than they can pofiibly be done by the prefent cloughS) though the 
drains leading tkereco were perfe^. 

« 

8 th. Thitt iifpm Ihtbam Carfr the low groui^s have a confiderable rile towards Afsf* 
ket IVttgbtoHs and confequently) that 

. 9th* The aBTait) Iq far M^i^fd^to the drainage of thefe levelS) will be perfe^y eafy 
mid wen cc^qdidoned) exceji^.at a .very moderate expence, in proportion to the 
extent and value of dhc^i^ to^b'en^lited thereby. > . ; 
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toth. Refpef^ing navigation, it is no ways incompatible with drainage} for pro. 
vided the cuts are made at an average from i8 inches to a f^t deeper, the drainage will 
remun equally good, as if no navigation. . , 

1 ith. A navigation may be nude any where by means leeks, where there is 
water to fupply them. 

lath. Several locks will be required between the Hutnier and Market Weight Wt befidcs 

the fea-lock j 1 apprehend at leaft 4. 

* 

13th. I am of opinion, that the brooks formed from the fprings of Saneton and 
Houghtottt which form BeaFs Beck, the fprings at Godmanham, which form Weighton's 
Beck, and thofe of Lmdehreugb, forming Shipton Beck, when united, as they may eafily 
be near Weighton, are amply fufficient for fupplying the navigation -locks thither in the 
drieft feafon, and I am inclined to think the two former becks will be fu^icient, exclufive 
of the latter} but of this I cannot be certain, unlefs 1 faw the currents of thofe beclgi in 
the drieft feafons. 

14th. I apprehend it will be equally evident from the fame principles that a navi.v 
gation is practicable through the levels towards Pocklington, as I am in&trmed the 
fupply of water that way is at lealt equal if not better ; but as I fuppofe Po(ktugfe» 
lays in an higher fituation than Weigbton, a greater number of locks will be needful oa 
that account. 

15th. It is not poflible to afeertain any thing relpeCting the coft of drainage or navi, 
gation towards either the towns of WHgbtcm or Peckiittgtoa, without an aCtual furvey of 
the principal drains, with a fketch of the adjacent country, as alfo an accurate level 
taken from the low wafer mark at the tBmker, diftinguilhing the heights of the relative 
furfaces of the water and lands up to the refpeCtive pmots where the navigation or 
drainage is fqppofed to terminate. 

November 29, lytiy. J.Smeatok* 
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A NEW BUCKET. 

Defcription of a new Bucket for Fire Engines. 

N. B* The fame .tilings are marked with the Dune letters/ botii in tiie plans and 
leftioh. 

Fig. ift. A A is a ring of brafs about 4 of an inch thick, to be turned upon tiie 
edge fo as to fit the working barrel as near as pofllble, but not to ftick in any part ; 
but it will not be a fiiult if not more than of an inch Ids than the barrd : this being 
prepared, all the reft is made from it. 

Fig. ad. B B is a ring of ibrged iron, about i inch thick, and turned or fUed round 
Upon the edge, fb as to be about -f of an inch Jefs in diameter than tiie brals ring i this 
ring muft be pierced with 4 oblong holes or mortices C C C C, of i inch long and 
^ inch wide, and 8 round holes a a, &c. which are to be tapped lb as to take an § 
inch fcrew. This ring is allb furnilhed with a bridge or bar D D, which may either be 
made of one piece with the ring, as rqirefented at the end or let in with a 
dovetail, and rivetted, as reprefented at the end r, either way, as the fnuth can beft 
'do it, ib as to make all level on the upper fide. The bridge is alfo furnilhed with 3 
round holes of the fame fize, and tapped as the former. 

i. ' ■ ^ ■ 

Fig. 3d and 4th. By means of the 4 fquare holes, the iron ring is to be fiiftened 
to the end of the Ipear rod, whole bottom part is U> be divided into 4 branches, 
two ot which, £ £, afe fliewn in the Upright fe^im, fig. 4, and the horizontal foftions 
dieted^, fig. 3, fuppofed to be cut off a litde above the rin^ are marked with the lame 
letters j tiie dotted lines diftih^ifli ‘the mortices, as in fig. ad, and what lays widiout 
Ihews tiie' Ihbuldds, ^ainft which the uj^er fide if tiie ring is brought fquare, and 
rivetted ott the' tinder fide, by means-of the tapt holes in the iron ring, and the plain 
holes in the brafs ring, which are to be made anfwerable to each other { tiw 2 rings 
are. to Ik fcjrcY*^ together by 8 fcrews, fudi as reprefented Ac. and betwuct the 
rings if to be Icrewed the leathw gggt &c. turned up round the iron ring like a dilh, 
the Ikin or hur fide being next the iron ring, and t^ oj^xtiite or flefii fide next the 
Ixtrrel, the middle part of the leather being cut out anfwerable to the infide oi tiie 
rings. . 

H H anr the vidves which are to be fcr^v^ down upon the bridge by 3 crews 1 it, 
tihi^ i^oilftic dowii tiie rider K K, which 'i^ ’to be fomewhat Ik^ied and rounded to- 

' ' ■ ’ . ward 
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ward the under fide, to more room for die katlier of the valves to bend in the 
joints. 1 1 are the upper plates upon the valves, and mm the under, which oug^ to 
be thin, m prevent ftof^fnng the water. 

N. B. Small fcrew bolts with thin flat heads laying underneath, will be preferable to 
rivets for the valves, as the leather may be more eafily Ihifted. 

♦. 

L, the (hank, where the 4 arms are joined into (me, by which it muft be united to 
the take-oflp joint.' 

OBSERVATIONS to be regarded in making die above. 

lit. The brafs ring had beit be cait without holes, that when the holes in the iron 
ring are tapped, the brafs may be .marked oflT from it, drilled, and opened aniwerable 
to the iron. 

ad. The iron ring had better not be edged till the two rings are fcrewed together, by 
which means the border may be reduced to a breadth all round. 

3d. The fquare mortices muft be chamfered or opened on the under fide, in order 
to receive a firm rivet when filed flat, and particularly end-ways { for this puipofe the 
mortice ihould be at leaft -f longer and tt wider below than above, and the dope to 
reach {■ upwards at the ends, and about tt st the fides. 

4th. Particular care Ihould be taken, that the tenons of thofe mortices at the end of 
the branches ihould be found and tou^ iron, but not the fofteft^ and that they may 
be rivetted with a hammer as heavy as a common hand hammer, that the metal may 
ipread as well within as without. 

5th. The tenons of the branches, I believe, had beft be formed angle-wife upon 
4 fquare bars, for then they wUl be in right pofition, when laid flat together, in order 
to be welded into one. 

6th. The leadier diih is &> be formed as follows. Prepare an iron hoop about 
inch broad, as near as poifible the fiae within of the barrel, but better lefl^ than biggert 
prepare alfo a round plug of w(X)d the fize of the iron ring, Fig. ad. but rather bi^;er 
than left ; let the plug be turned truly round, of ibme clpfe wood, and fquare at the 
vnd; let your leather be of the beft bend, but not the duckeft} diofe are beft that 
are eveneft of a thicknefe ) cut <>ut a circle of leather a-| indies more in diameter than 
the punqp barrel, therefore for a nine-inch barrel ( ij; inches. When the leadier is well 
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Soaked in water, lay it upon the ring, with the hur fide uppermoft, let the plug upon 
it, and with a few blows of a beetle, the leather will be forced into the ring, and will 
turn up round the fides in the fame manner it is to lay in the pumpi, and thereby form a 
border without a joint of about inch broad. When it has ftood a while take it out, 
^d put it upon the iron ring of the bucket, 'and with a round-faced hammer beat 
the leather a little down upon the ring oppofite to the holes, by which means their places 
will be marked cut them out with any proper lharp tool, but the beft is a leather punch, 
which is made for the coacbmakers, big enough for this purpofe. This done, ferew 
it into its place, trim it to an equal breadth, and chamfer the edge towards the barrel, 
as reprefented in the fefbion, and cut out the middle anfwerable to the rings. In this 
way fcveral leathers may be prepared at once, provided thofe that are to be kept are 
put on round boards, or fomething to keep them from drying into a leffer diameter. As 
the wet dries out, keep fupplying them with oil, cither train oil or fweet oil, or any oil 
that is not of a drying nature, till the pores of the outward rim of the leather that works 
againft the barrel be in a good meafure faturated therewith, and let this be done for the 
firft leather as well as the reft ; when the bucket is lowered down into its place, it would 
be well to pour down about 4- of a pint of oil round the fides of the barrel, by which 
means, when the engine makes a ftroke, the infidc of the barrel will become befmeared 
therewith j but oil in the bending joints of the valves is rather to be avoided. 

N. B. If on cutting out the circle of leather from the hide it appears thicker on 
one fide than the other, let it be fliaved with a lharp knife, lb as to be of an even 
thick nefs. 

If a barrel is very fmooth bored without ring-galls, I efteem the furface beft that is 
left by the tool j but if otherwife, let it be rubbed with a fine grit-ftonej none better 
than the grindftone kind that is got on Gatejhead Fell, After tKe barrel is bore^ or 
cleanled as above, let its infide furface be oiled over, which will prevent its immediate 
rufting; and if fo preferved till ufed, will make a great difference in the firft leather. 

The tenons at the end of the branches, by which the whole column is to be fulpended, 
will undoubtedly feem fmall and weak •, but it is to be remembered, that die bucket I 
faw at jlHef" hung by two parts of barely j. fquare each, that is 50 fquare eighths ; 
wheiiras 4 Parts of i inch by -J. arc equal to 64 Iquare eighths. After all, a column of 27 
fadiom and 9 inches diameter weighs but 2 tons, fo that each part has only 10 cwt. to 
tliercforc there » no doilbtof rheir fufficiency, if good iron and weft put together, 

N.^Bi There is no dbjedion to lengdiening the mortices, ' 

fitkl>ecenaber, 1765. J. Sksatow. 
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THURLSTONMILLS. 

The REPORT of John Smeaton, Engineer^ touching the i^ttr 
in difpute between Mr. Rich and Medf. Waltons, concerning 
their mills at Thurlflon. 

KS no particular queftion has been formally ftated to me in writing, I apprehend 
the matter in dilpute to be reducible to the following, viz. 

Whether MelC Waltons have done any thing, by the creftion of their oil mill 
dam, which they have no right to do, and whereby Mr. Rich’s corn mill may at 
certain times be affedted, and ftopped by back water 

As it will fave many words, 1 refer to a Iketch of the river and jM'enufes in 
queftion, hereunto annexed. 

The rule that 1 have conftantly followed myfelf in regard to the placing intermediate 
dams, whether for the erediion of mills or navigations, and the fame rule I have 
found pradifed by the beft engineers and millwrights, and which is found generally 
fubfifting in ancient mills. In flat countries, where levels are fcarce, and conlequently 
tail or back water moft burthenfome and annoying, is to build tliofe dams lb, that 
each dam lhall not pen into the wheel of the mill next above, when the water is in 
it’s ordinary fummer’s ftate. 

This rule 1 apprehend to be founded upon the following realbns : that if the eredrion 
of a dam does not afiedt the milh above by tail-water, when water is the moft fcarce 
in dry feafons, as every mill that is well and properly con^udled will clear itfelf of a 
conliderable depth of tail-water when it has an iocreale of head and an unlimited 
quantity of water to draw upon the wheel ; and as in frelhes and floods, at die fame 
time that they bring a quantity of tail-water upon the wlieel, they alfo ioCMaie tht 
head, and afford a fuperior quantity to be expended. This is looked upon to be the 
proper means, and equivalent, by which mills are to be cleared of back-water, as far 
as is confiftent with the mutual enjoyment of thofe great benefits of nature, namely, 
falls of water ; and that this alone is very fufficient, appears from hence, that, in com- 
mon, mills will bear a &et of tail-water when there is an increafe of head, and plenty 
of water to be drawn upon the wheel, withotit prejudice to their performance j but 
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mills well conftrufted will bear 3 and even 4 feet and upwards of tail water ; I have 
feen an inftance of 6 feet » and it is a common thing in level countries, where (as find 
before) tail water is annoying, to lay the wheels from 6 to 1 2 inches below the 
water’s levd of the pond below, in order to increafe the fall of water, and, if judicioufly 
applied, is attended with good eflwft 

If the rules above laid down are not decUive betwixt man and man, I believe it will 
be difficult otherwife to draw the line } for while feme may think 3 inches a fufficient 
clearance, others may think 3 feet too little ; and a third may fubjeA himfelf to an 
action at law, after having been at a great expence and upon the beft advice, fer having 
done femething to interrupt the free pafiage of the water 30 feet perpendicular below 
another’s works, fer there is no limits to fix the extent of ima^nary evils. 

I fu^pofe it is a rule in the law, that no man can poflefs his own property in any new 
manner, that may be detrimental to his neighbour ; but then I fuppofe it is equally a 
rule, dut no man can acquire an exclufive power over another’s property, to prevent 
him from turning it to profit, in the fame manner as the firft had done before 
him. It would feem very ftrange and unreafonable, and alfe very detrimental to the 
publick fervice, (of which the benefit of milb and machines worked by water is fo great 
as fearcely to be eftimated) I fay it would feem very ftrange, if I have an efiate through 
which a river flows, to which no one has any controul but myfel:^ in which there is 10 
feet fall, andl have an occafion fer a mill as well as my neighbour, that 1 cannot pen 
up the water to the fame height as it before entered my grounds, and let it go at the 
feme level as it ufed to depart, becaufe the miller above fays, that by keeping up this 
body of water within my ground, the water does not get away from his mill fe freely in 
time of floods and frelhes as it ufed to do ; and the miller below feys. Sir, you fhall 
not build a mill diere, becaufe 1 cannot have die water from the mill above I ufed to do, 
but will be intercepted by your dam. To the former 1 ftiould aniwer, the water fliall 
have die fame pafiage into my eftate at it always had, but I ah/ohttefy det^ that you have 
ever had any right or occupadon of a fell within my land ; it is true, I have not made 
ufe of it myfdf before, but as I always had it in my power to do fe, as you have done 
before me/if my not doing it fe long has been an advantage to you, you ought to thank 
me fer having it fo long, and not to think of precluding me finm making the feme ad'^ 
vantage of the fell within my land, as you have done in yours. 

To the miller bdow I fliould anfwer, you ihall have the water delivered to you at the 
feme iMEct ai before^ and in die feme quantity, for I neither intend tQ botde it up, nor 
• divert 
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^fCrt itfiMn'you I but «il luue ^iS^prior rig^ of ufii^ tiie water palfiag mjr premSGs, 
tha 1 fl»U do ifl’die/aine nMumeros 70U .will do after me. 

Thus much bjr snjr of explantdon of dioie principles and maxims that it my opinion 
either are, or ought to be, the medium by which dilutes of this kind ought to be ad- 
jufted. If dtey are true and wahd, as they appear to me to be, there is notthe leaft founda- 
tion for a complaint from Mr. Rich on account of Mefl*. Walton’s oil-mill dam } 
for it appears to be bdow the floor of Mr. Rich’s mill-race no lefs than i foot 4 inches, 
and 10 inches below the bottom of the wheel, in the whole 2 feet 2 inches fall in 
the compafr of lefs diao 100 yards from the wheel complained of to be put in back- 
water by the faid dam : on the contrary, had Mr. Walton penned confiderably higher 
than he has done, he would not, in my opinion, have infringed upon the true rules of 
mill-building, efpecially in fuch a country as this, where the river runs /o rapid as frl- 
dom to lay any mill in back-water above three hours together, and fcarcely et||r above 
fix, not even the wheel complained of. 

It is oblervable, that Mr. Walton’s dam pens dead waters conliderable way up 
Mr. Rick’s goic towards the letter P ; but as this goit is without any floor laid, it may 
haj^ien that a flood coming andwalhing in gravel, &c. may rdle the goit’s i)ot- 
tom, while it is above Mr. Walton’s dam’s water j or Mr. Rich, by clearing the goit, 
may at pleafure link it below ; or the continual wearing of the mill’s water may fink it 
below i as there&re the bottom of an uaflomvd goit is of an uncertain level, nothing 
conclufive can be deduced therefrom : .thus much however it is certain, that no partof the 
oil-noill’s dam’s water reaches any part of Mr. Rich’s goit where any floor or fecciog is. 

How far exaRly Mr. RiCH’spremiies extend' down the river, I know noCi but ac> 
cordingm the rules already laid down, if Mr. Walton has penned the water ib as ‘to 
raife its fiuface agunft Mr. Rich’s freehcld, be has done what in opinion he 'can- 
not vindicate j it is however veiy ansnifefl, that a oonfidenible length of die t«l ‘the 
jetty has at fome time or other been taken off die river, as iqipears by the river’s con- 
tracted breaikh oppofite thereto 1 and if, by confent of die Lord of the Manor, he has 
obtained arig^ making riiis flmoe lor t^ more efle6tiMiU|r keqping open b».drtter- 
courfe, he has not thereby deprived die Lordof the Manor of ibe vfeof fud^partoif the 
fierpendicular frU of water, as Mr. Rica has not by pneferipdon or odierwifedMxined 
tbeuleofs fbrdwrt^bnaiecof,dieL«i 4 of the Manor, in letttDgapait'Oflbebatuntl 
fliU of the river iigr vacant^ aaatbdow Mr. Rica’s {Hceosfei, ibiift be co nfi d ered in the 
fame^igbtas evegrod^v |NOt<^lbo.ia»covpie^ laU briow. 
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I fliall now proceed to a determination of this Ifanjde qtiefti)Mi> whedw. MtSL Wal- 
Vom’s oil-mill dam does or does not afieft Mr. pica’s mill bf badc watser* in any de- 
gree wlmtfocver, as they now both Hand ? In order to this it muft be remembered, that the 
bottom of Mr. Rich’s mill wheel lays a feet a iiidies above Mr. Waltoh’s dam 
water, that is, higher by a feet a inches than the water under the bridge when the oil mdl- 
pond is foil : the water therefore under the bridge muft be rifen a feet a inches before it 
comes uf>on a level with the bottom of Mr. Rkh’s mQl wheel; and I look upon it as a 
certainty that Mr. Rich’s mill would be going when the water was i8 inches higher than 
that, provided there were no impediments betwixt the bridge and mill, and the wheel itlelf 
properly conftrucbed. Suppofe then the water riien to diat height under the bridge, that 
is, 3 feet 8 inches above the dam’s hei^t, in whidi cafe its mean depdi under the bri(%e 
vrill be about 4 feet 8 inches upon 26 feet wide. Suppofe now Mr. W a ltoh’s dam away, 
and the water tumbling from the rock at E, in the manner it is laid formerly to have 
done, ftill not above a certain quantity can be vented through the bridge at that given 
height, no more than can. be vented over a dam at a given thicknefs, though unim- 
peded by any thing. According to my computation, the quantity that would be vented 
over the rock and through the bridge at 4 foet 8 inches deep, (fuppoflng the dam away) 
would be vented over the dam, which is 84 feet in length upon the crown, at a depth 
of a feet inch, or thereabouts. Hence it appears, that in this ftate of the river there 
will be a foil from the bridge into the mill-pond of iSl- inches, at which difference the 
bridge and rocks will vent the fame water as if the dam was away. This may appear 
fomevdiat paradoxical, to thofe unacquainted with thefe matters ; but it is well known 
that a ftream of water ilTuing from a fluice, or opening, will run the fame quantity lb 
long as it clears its tub » if unafieded by tul water. At this height the balance is 
ftruck, and if at this height Mr. Rich’s mill is not going, it muft be owing to fome 
impediments between the bridge and the mill, or to fomething wrong in the conftrudtion 
of the mill itfelf j at all greater heights the eSeA of the dam upon the water above is kfs, 
at all iefler he%hts it is greater ; but if Mr. Rich's mill ought to go at the hei^t above 
mentioned^ it ou^ to go at all lefier heights, and if it will not go at Iefler heights, it is 
very thtfre is ftniit bbflruAtcai between the mill and die bridge. 

Tkatdiere are in fod fotne obfbudions, appear manifoft ffx>m what Jon atbah Lotk- 
’woon^the miffwright pledged, diuls, thar Mr. Ried’s hniH was in back water before 
the gravel bed in the oU-miff dam was covered; if fo^ fihce no part of the gravel bed 
entt, above por at tnfift tc> rnchSI Sbove the dim’s water #hieh foil, it wiS tlutt 
Mr^^RiclkV ndllis im.back water, wfren the forfoce of dre water in the oil-mill' ifom 
' (bdo<i| dre racks) is 1 foot 4' tiidies below dre^bdftom of Mr. Rich’s mifl Whed': 
hence ii ayipearsi dbu very great obftrudions are interpofed betwixt ^ rocks and Mr. 
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Ric9*s iniU wheel Nor indeed it need, the evidence- of Mr. Lockwood to con- 
firm this, die evidence arifing the things themfelves being to me more (h*ongr than 
that of any man living ; fiv as iooo as 1 fet eyes upon Mr. Rich's mill tail goit, which 
is l(^e difiance bdow the covered party not above 4^ feet wide* and ieetns ftill lefs where 
covered r when I obferved that both wheeb delivered into the fame goit, and thebreaft 
wheel in a very bad angle^ as repreiented in the Iketch, lb that the breafi mill fiream 
muft greatly obftruft the other ; add t& thisy that inftead of two fmall wheels of about 
20 inches wide eachy Mr. Rich has buik one wheel of 5 feet wide, faid to be able to 
drive three pair of Ihmes at oncey it is evident that the fuperior quantity of water necef- 
iary for this puipofcy and the additional quantity necefi^ to be laid on after the tailt 
water begins to touch the wheel ; ttus agun, added to the additional quantity alfo ne-' 
celTary on the fame account to be drawn on the breafi wheel ^d this all crammed to- 
gether into the fame narrow goit that fubiifted before the improvement ; I lay all this 
confideredy it is very evident, that Mr. Rich’s mill muft be choaked with water fi>r 
want of fufficient vent. But this is not all; for as the jetty or fence that divides the tail 
of the goit from the river, as it narrows the river from about 30 feet, which is about 
the general width, to 21 feet, this will caufe the water to fwell at leafi a foot in the con- 
trafted part of the river alongfide the jetty, when the river is 3 feet 8 inches at the 
bridge above dam’s height i and as the jetty itfelf, for about 60 feet above the tail is not ' 
at a medium much more than 3 feet above the dam’s water, it follows that before the water 
will rife to the height aforefaid, it will flow freely over the jetty for almoft 100 feet up- 
wards into the goit, and thereby fill the goit to nearly the fame height as the water in 
the river abreaft of the jetty, which, added to the obftrufbions before mentioned, mufi 
neceflarily lay &fi the over-lhot wheel long before the water rifes to the height under 
the bridge above fpecified, according to Jonathan Lockwood’s oblcrvation. 

From what is above laid down it appears, that when the water rifes 3 feet 8 inches 
perpendicular at die bridge above the dam, that then the dam h^ no obftrudlion, ber 
caufe the dam will then vent the water as faft as it could have been vented through the 
the bridge and over the rocks if no dam was there : but this fuppofes a free paflage 
for the water between the rocks and the dam. How &r the gravel bed at this height of the 
river adls as an obftrudHon, (the water bei^ at that time not lefs than 79 feet wide acrofs 
the gravel bed) is not ealy to %, without iwing the river in that ftate, the obftru6fcbn 
arifing fiom the gravel bed not beuig fulgdfi to computation on account the irregularity 
of its figure : however, as it muft add fomeching, e^wcialiy at lefler heights, 1 would advifh 
Mefif. W ALTONSy fw the fake of peace uid good nrij^bouriioody (provided Mr. Rich 
will be coiuented therewith) to oblige themfidves, on or hthnMicbatimatD^ annually, fb 
long as their dam lhall remain where it now is, to remove all fuch gravel as fiiall be found 

1 1 2 10 



C *44 1 / 

in their ntill-pond Below the rocks, and within the line horn die IBuchend'of 

their dam, to the fouth fide of the river where the rocks are, as fiiewn m the iketch r 
and to clear the fame lb that every part itiay be at leaft 8 indies belbw the top of their 
dam boards, and to lay the matter thence tdcen in fuch manner as not to be fuliged; to 
get in the fame place again. On the other hand, as hrdoes not appear to me chat Mefll 
Waltons have done any thing but what they may jufHfyi aid further, that on the 
firidefi examination it does not appear diat Mr. Rich's mills receive any prgudice from 
MelT. Waltons’ works, but that the impediments found therein arife fitmi the mifcon* 
ftrudion of Mr. Rich’s own works, I adviie Mr. Rrcir, (if MefT. Waltons will com- 
fHy in removing the gravel bed as already Reified) for the fake of peace and good 
neighbourhood, to be contented therewidi, and drop all further profecudons. 

J. Smeaton. 

^uftborpt December 14, 1765. 
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HUBBERT’s MILL STREAM. 

The REPORT of Johk Smbaton, Engineev conoexmng the power of 
Hubbsat's Mill Stoeam to rai& water. 

TTAVING examined the capacidea of the water-wajr at Hvbbert’s mill, fituaced upon 
a branch of the rim Ca&v neat Dnfftm, in the eouniy of A^dJUftx, I found t^m 
as.fidlowa, t^n the a3d February^ 1766 : at which tuac the currency of tlu* brandi of 
therimwatfaidtobcnearly the finne as it always isohen the nulla aboue^ upontheiame 
branch, are at work, or their wafte gates drawn, by which naeaas the quantity of water 
going down this ftream is regulated. 

Cnbe Feet per Mii^ 

At Htibtn't Mill the dUfeharge by a wafle gate within tiw mill was • • 2166 

By the water Ming over the top of the wafle gates without the mill • > 396 

Total ^feharge in cube iiset per minu s . . 4 » xi€t 

\ 

Feet Inches. 

The n^ole M or difference at the min was at this time • • . 5 7 

By the help of an hydraulick en^e, properly conftrufted upon dat head, and with 
the quantity of water above fpecified, the quantity of 356 feet cube thereof may be nufed 
per npute to a perpendicidar height of 20 feet above the level of the mill pondi whidi 
quantity amounts to 3517 hoglheads per hour, accounting 52 ale gallons to the Ik^- 
fhead. 

N. B. If the hdght is greater or lefs than 20 feet, the quantity will be inverfely as the 
hei^t. 

It further appears on infpefdmi, diat the tail-water of Hubb»t*s mill (wMch fbnda 
upona b]w ftreamttfthe river Co/a, as already mentioned) isnen-ly upon a fevd w^ the 
head water oE Lord Uxbridob’s mill below, which- ftands upon the main rivet t mi 
that die tril-water of Hvbbb&t’s mill bemg conveyed by a meandering eourfe^ a fell mile 
in IcRgdh fells tntodie main river below Lord Uxbrisos’s mlU : hence k is to be in- 
ferred, thatin the tati^ftream of Hobb«rt*s mill diere is a fell from that nnQ to the main 
river equal to the fell ac'Lord UxBRi-noB’s null, which being metdiwed the liune day 
was 5 fcM 6 incheS} die ^xateft p«rc of which perpmdiodar detoff ffi*y be added 
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to that of Hvbbsrt*s mill-fall, without afiefting any other; that is, by ftraightening, 
widening, and deepening the laid tail-water courfe from the main river to Hubbert's 
mill. 

‘ • ' . ' • t, 

Now this being done in a moderate degree, will add 4 feet to the fall of Hubbert’s 
mill, and ftill leave 18 inches for the declivity of the tail-ftfeam; in which cafe, the 
quantity raifed will be greater than before; that is, inftead of 2517 hoglhcads railed per 
hour, the quandty^ of 41318 hoglheads will be railed in die fame dme ; but by a IHll 
greater enlargement of the tail-ftream to about a 15 feet bottom, brought upon a dead 
level at the depth of 1 if feetbelow HvbbertV mill full head mark, it is pmfdcable to 
add 5 feet to Hubbert’s imll-fth, leaving only f a foot declivity in the tail-ftrcam, 
in which cafe the quandty raifed per hour will be 4482 hoglheads. 

At other heights the quantities that may be raifed are exprelled in the following 
table* 

It is further to be noted, that, according to the information of the millers, the river 
Ce/u in the driell; feafons is not lefs than half of what it was upon the day above- 
mentioned’: fo that Hubbert’s mill can then go at leall half its time, and with the fup- 
ply above Ipecified; but by information that Mr. Fordyce afterwards procured, they 
never are obliged to ftop above 7 hours in 24. 

The drielt months, it feems, are Auguft, September, and October, fo that as the 
Icarcefl; dme for water is when there is the leaft occalion for it at London^ and as we 
may reckon upon a conftant fupply during the winter and fpring months equal to 
what is above fet forth, that is, during all fuch times as the town is fully inhabited, it 
follows that we may, in efie£l, compute upon the fame fupply throughout the year. 

The whole quantity of water current in the river Co/b, at the time abovementioned, 
was afccrtaincd, by obferving that two wade gates at Lord Uxbrioge’s mill being 
dEaian, at diax'fiime difcharged the currency of the main flream, the dimenfiOns of the 
.evenings of thofe gai^ being taken, the quantity of water ilPliing was from, thence 
imputed; jthis, ad<%d to dm quandty difcharged by the bye ftreain at*HuBBBRT’s 
miU, jconftitutea ^ whole quandtyi amounting to 104^3 minute, that is 

^ 7397 ^ per hour, {goduced by the river Celn: the proportionable quantity 

pmpofed to he t^n into the new canal, is forth jn the following cable, ac- 
(hSerem quantidea diat a diflfbent fall at the mill, and height to which 
it u to4ie gdied, wip^ be produceaUe of and is contained in the laft column. 

A TABLE, 
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A TABLE, fliewing the quantities of water capable ci being raifed at Hub- 
bekt’s mill, according to the different heads or falls, and according to diffe- 
ferent perpendicular heights tawMch it is required to be raifed. 

Perpendicular bright to be 
raifed above the mill liead. 

Feet. 

20 
20 
20 
>5 

lO 

I 

LetuUttt March loth, 1766. J, Smeatok. 

P. S. Four Hogffieads as above make a ton liquid. 


Head or M of 
water. 


Feet. Inches. 

5 7 

9 7 

10 7 

10 7 

10 7 

10 7 
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CORN MILL at WORKS OP. 

The REPORT of John Smbaton, -Engmecr, concerning the 
pra&icahility of creding a Corn MUL lo be worked from the farm- 
yard pond, at WorJy!^ Manor: 

^*T^H£ Sdl tromihclurface of (he farm-yard pond to die furface of Che canal, in the 
new menagerie, is 9 ftet 6 inches, whidi is a fuificient fali for the eredion of a 
ihill i the principal difficulty, therefore, attending this affair, is to fupply the faid pond 
with water, fufficient to anfwer the intended purpofe. 

The quantity of water neceflary dqiends upon the quantity of corn to be ground, 
which was ftated to me at so loads per week, diat is 30 Winchefter bufhels. 

-I 

The quantity of water neceflary to grind one buftiel of wheat into flour, will grind 
five quarters of malt, fo that fuj'pofing 10 quarters of malt to be brewed per week, 
the quantity of water that is neceflary to grind 32 buihels of wheat per week will dif- 
patch the whole bufineis. 

Now 3600 cube feet of water will, in this fituation, be required to grind one bulhel 
of wheat, and therefore 115200 cube feet will be neceflTary to grind 32 buflielsj and 
this quantity, at leaft, muft be fupplied to the farm-yard pond in a week. 

Cube feet. 

The overflomng of the pond at Stut^ amount to, per week, ... . 40019 

A fpring rifing femcwhat below, but which, together with Suttly overflowings, may be brought 
to the fenn-yard pond, ....... 1518© 

The pipa feom at 5 hogflieads per hour, which they are (aid to run, gives 1018 cube 

feet per day, | of which 1 fuppofe wfll AnAly, -or hkdbe^, oeme imo thepond, amount- 
ing, per week, 10 ...... . 4751 

The engiiK put in order, aad the pipes repaired, as it now ftands, will raife into the ferm-yard 
pood per week, ....... 24080 

Total of the above, per week, ...... S3970 

The aggregate of the quantitiee befere oRtationed, ..... 83970 

The 9«aatity le^piMd, . • ...... • 115200 

The 


Deficient 
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The power 83970 cube feet is fufficient for grinding 23^ bu/helsj chat is, belides 
grinding 10 quarters of malt, it will grind 21^ bufhels of wheat, or about 7 loads j 
but this is not fuppofed enough, though there is no allowance made for wafte. 

Coldmll Spring, having been carefully levelled, has been found to rife 6 feet nearly 
higher than the fnrface of the farm yard pond, when that furface was 9^ feet above the 
canal of the New Mmagarie, 

The courfe for an aquedu£t has alfo been traced out, and though it will be almoft 
2 miles in length, yet this fpring may be thereby condufbed, upon a fufficient declivity, 
to M into the farm yard pond. 

Coldwell Spring being gauged in the month of March, 1766, then afforded 1 61280 
cube feet of water per week, a quantity capable of grinding near 45 bulhels of wheat ; 
fo that here we fhall have 46080 cube feet of water per week to fpare, or to allow for 
wafte, and what the fpring may afford lefs in dry feafons ; but as it is faid to be nearly 
the fame in the drieft feafons as when it was meafured, we may fafely reckon upon the 
whole quantity as above fpecified i nay, confiderably more, becaufe the defedls will be 
more than made up, by taking in the brook that runs by the Coldwell Spring, which, 
at the time of meafuring, was nearly equal to the fpring, and in the drieft feafon is 
faid to run half as much j but if we reckon it only -j- as much, viz. 53760 cube feet 
per week, we fhall then have a furplufage upon the whole of 99840 feet per week, which 
is almoft | of the whole quantity found neceffary. 

Here, then, is a fufficient fource of power not only effcftually to anfwer the prefent 
purpofe, but others alfo that may occur, and which in fo large a faiTiily, may, in all 
probability, be very ufefully applied. 

As this fpring is alone fufficient to anfwer the end, it would hardly feem a queftion 
which ought to be preferred j but as an aqueduA for Coldwell Spring will pafs through 
rocky ground, in one part at the depth of 1 5 feet, and which, at a medium, will hold 
nearly 4- of a mile, this, with fome other difficulties, particularly the carrying it up 
the north lawn from the rOad, which being fuppofed a running fand, will be troublefome 
to dig, and will otherwife require arching ; thofe impediments will induce a conftdera- 
ble extra expence ; fo that to overcome all probable difficulties, and to make the whole 
of proper dimenfions and ftrength, will require the fum of 400/. to be expended 
upon it. 
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Tlie deficiency of the former aggregates may, however, probably be made good by 
taking iri the brook laft mentioned : the particular obfervation was not made at the 
time, but, from the nature of the thing, it muft be fuppofed that the water of this 
"brook may be intercepted at fuch a level as to be conduced over the principal impe- 
diments that affed the Coldvoell courfe, and confequently can be carried into the farm- 
yard pond, together with the water from Steetly, &c. now, if we reckon, as before, 
upon i- of the Coldwell quantity for this brook in dry feafons, we have 53760 to be 
sidded to the fornier aggregate of 83970, which together amount to 137730 cube feet 
per week, which affords a furplufage of 12530. This, however, is but barely fuffi- 
cient to allow for wafte, even if all the quantities held out in fummer what they have 
been fuppofed from obfervations at the fame time as tliofe on Coldwell Spring were 
taken. 

This aggregate fcheme may probably be brought to bear for 150/. if not 200/. Icfs 
than the Coldwell aquedufl ; yet, as a material part of the fupply depends on the 
performance of the engine, this, if out of order, will render the mill defeftive alfo. The 
certainty of fuccefs, therefore, attending the Coldwell aqueduft, and the permanency 
of the benefits ariling thcrefiom, as depending wholly on natural caufes, being con- 
fidered, as every other part of the work will be the fame, whichever way fupplied with 
water, it fcems that the value of 150/; or even 200/. faved in the firft ereftion will no 
ways counterbalance the fuperior degree of certainty attending the other fcheme, as 
well as the further advantages that may probably be drawn from a fuperior fupply of 
water. 

A further and fubftantial argument for executing the Coldwell aqueduft is, that by 
means thereof the whole of the waters mentioned may be united at a fmall addition of 
charge j fo that by this means, exclufive of the engine, and after deducing ^ of the 
whole quantity for wafte, we ftiall have remaining a neat natural power of 240564 
cube feet of water per week, a quantity capable of grinding 66 bulhcls, that is, above 
23 loads of corn, being more than double the power required ; fo that, after ferving 
vel-y ufeful and valuable domeftic purpofes, in pafling from the farm-yard pond to the 
can4 of the pew menagerie, it will there furnilh a fine fupply of water for the cafeade 
in failing from the upper canal to the lower, 

I have mentioned 400/. as the .probable expcnce of an aqueduft from Coldwell Spring 
to titc farm-yard pond, which fum is drawn from an eftimatc made from fuCh obfer- 
vations as have already been colledfted, and is intended to give the beft idea of the ex- 
pence that I can at prelent : and I alfo reckon that the mill-work, together with build- 
ing* 
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ing> the alterations that will be neceiTary In the farm-yard pond, and the drain that will 
be neceflary for conveying the mill’s water to the canal of the new menagerie, will coft 
400/. more. If, therefore, it is not thought worth while to execute the fcheme* at the 
expence of 800/. I would not advife to proceed upon it; but if fo, then I lhall be 
ready to make fuch further obfervations as the former have fuggefted, in order to 
make out a particular plan of the whole, from which a more exa£t computation may 
be drawn. 

J. Smeatom. 

Newcaftki May 12, 1766. 
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SPURN POINT LIGHTS. 

PESCRIPTION of the Machine for fupporting the temporary Lights to be 

eredted at the Spurn Point. 

A B is the round pan, cage, or bafket of iron, wherein the coal fire is made, to be 
i8 inches diameter, and i8 inches deep for the great light, and 1 6 by 1 6 for the leiTer 
light, a little tapering towards the bottom. 

CD is the maft for fupporting the cage, at the height of 50 feet above the ground 
f>rthe great light, and 35 feet above ditto for the leller. The maft is hung up on an 
iron, axis £ £ at the height of 22^ feet above die ground, and confequently 27^ feet 
below the center of the greater light, by means of which axis the fire-pan is brought 
down fufiiciently near the ground to fupply the fame with fuel ; the fire-pan turning' 
upon an axis of its own or fwivcl, fo as to keep it upright in every poficion of the maft. 

F is the ftone, of fufficient weight witli the butt end of the maft, to balance the fire- 
pan, coals and iron-work at the other end, that it may turn freely, and in moderate 
weather be hauled down and up by hand of one man by means of two ropes, one faftened 
near the upper end, the other at the lower end of the maft, the ftone to be hooped to 
prevent its fplitting. 

G C is a roller with winches, to which the ropes aforefaid being refpe(ftively applied 
with hooks for the more ready faftening to the ftaples in the roller, the maft will be 
managed in hauling down and up alfo by one man in the moft ftormy weather. 

HH is a fixed piece of wood with a femicircular hollow, to which the lower end of 
the maft applies itfelf when in an upright pofition, and when ncceflary is reuined therein 
by an half circular keeper, plate, or clalp of iron. 

a a the great axis of the maft, is fupported upon two upright pofts 2% feet 4 inches 
above ground, and 3 feet within ground, framed into groundfills at the bottom, and 
each poft brac^ in three directions ; the feet of the braces to be framed into the ground- 
fills, and all the bearing fupported by piles underneath, dilpofed as per plan. 

IPLxtt the two upright pofts. 
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L MN 9xt three braces belonging to the pofl: /, and 

O P ^ are the braces belonging to the pod K. 

In order to keep the tops of the pofts at a ftiil more certain diibnce, the ends of the 
axis are to be finished each by a knob, to lay upon the outfide of the bearing crutches or 
brafies, which will hinder the tops of the pofts from flying out, and on the out ends of 
the knobs iron ftuds are to be driven into the top of the pofts, which will keep them from 
coming together, the axis acting as a ftretcher. The tops of the pofts are to be hooped, 
the more eflfeAually to fix the work thereon, and covered each with an iron plate to 
defend them from the hot cinders. 

P is a pulley in order to fet the rope at a proper diftance for hauling down the maft 
by the windlafs roll j this rope is to be annexed to about two yards of fmall chain fixed 
at the point h j fuch as is made for the fmalleft fize of horfe trace;;, will be ftrong 
enough. 

is an umbrella made of thin boards, to prevent coals, &c. from falling upon the 
perfon working at the roller, the pulley R is fet at a diftance in order that the rope for 
hauling down the maft may have the better purchafe upon it when upright} where note,' 
that this rope being fixed to the maft at by when the pan is down, and the pomt c 
brought down to the point e, then the point b will come to the point/, and the tail of 
the maft will be at the point g, and the line G g will be the dire£kion of the rope when 
it begins to a6l from the roller upon the tail of the maft, in order to hoift up the fire-pan, 
and fet it upright. 

N. B. The balance of the wfiole is to be fo adjufted, that when the pan is full of 
coals, the head of the maft will be heavieft, but when the fire is burnt low thei) the 
head of die maft fliall be lighteft. 

The fame letters refer to the fame thing in all the figures. 

The meafures fet down in figures refer to the greater light, but the meafures will be 
given for the leflTcr light, by taking off* the reipeftive parts from the fcale belonging to 
the lefler, which will give every thing in proportion to their reipeftive hnghts. 

Direftions for the fmith. 

It is to beeftiierved that the fire-pan, with fork or crutch for fuppordng it, as well as 
all the iron-work at the maft head, is to be made as fight as poflible-, confiftent with the 

neceflary 
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ncccflary degree of ftrengthj inch diameter will be fufficient for the two brinches 
of the foi^c near their joining, and tapered to near the holes for the axis on which 
the pan hangs, the reft in proportion } the whole to be made as ftiort as pofllble between 
the top point of the woOd of the maft and the axis, whereon the fire-pan hangs. It is 
alfo to be obferved that the fire-pan axis projeds 6 inches on a fide beyond the ring, and 
that an iron ftrap be brought up from each fide the bottom of the pan, and conneded to 
the ends of the axis, as fliewn in the front elevation, kj. order to prevent the axis from 
fagging by the heat of the fire. It muft alfo be obferved to make the round gudgeons 
of the fire-pan axis not above ^ of an inch diameter in the round part, but the holes at 
lead i v or i-j, and the gudgeons long enough that they may not jamb faft, or draw out 
by a little bending or fagging one of the holes muft alfo be made to open in order to 
change the pan occafionally, as repairs may require. 

r r is the fire-pan’s axis. 

the two traps from tlie bottom. 


explanatory Remarks and Obfervations upon the defigns for building the 
Light-houfes upon the Spurn Pointy as approved of by the Honourable Corpo- 
ration of Trinity-Houfe, Deptford Strond, London, 

No. I. The general plan. 

As the prefent variation of the compafs at the Spurn Point is not exadly known, in 
cafe it ihould be found to differ from that fuppofed in this plan, viz. 20 degrees wefterly, 
the diredion of the light-houfes in refped to one another are to be placed S. E. and 
N. W. by the compafs, and the windows, &c. of the buildings to be placed according 
to the true meridian. 

No. 2. The fedion and elevation of the great light-houfe. 

The top of the ftone fetting4)r pitching of the foundation is herein fuppofed to be 
about 3 feet 6 inches below the general furface of the ground, from whence the height 
of 90 feet to fhe center of the lantbotn is taken; but as it is Intended that the faid fetting 
f h a ll rdl the bed of gravd or Ihingle underneath the upper ftratum of fend, the 
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d^th’of the foundation tfoey be a little iraned, according to the depth at which the gravel 
is found, fo as to give the foundation a greato- degree of foliditjr. The length of the 
piles may alfo be varied if they cannot be got down to the length fpecified, or in cafe 
they drive too eafily to that depth. 

In the fedbion, Ihews a pipe or paflage^hole for the facks of coals, from the coal- 
vault to the lanthorn, to be drawn up by the machine B, which alfo ferves for drawing 
up the facks of coals that are brought in carts from the waterfide into the door F, by 
means of the fmall gibbet at C, from whence they are to be poured down into the vault 
by the trap-door D, when filled too high, to open the door E, 

G is a pipe for bringing down the alhes. 

N. B. The jaumbs of the doors are fuppofed in the eftimate to be of (lone. 

No. 3. Seftion of the lanthorn pipe room. 

The receptacle for the afhes, both bottom and fides, for 4 -I feet in height, are fiip- 
pofed to be complcatly lined with plate iron of of an inch thick, to prevent the hot 
cinders and afhes from burning the wooden cafe ; the door mull be made as tight as 
poflible. 

Between the done covers of the air tunnels a a other Hones are to be Introduced, 
though not Ihewn on the outfide, fo as to compleat a circle of Hones, which are to be 
well crampt together, in order to form a chain courfe for the Ipringing of the brick arch 
thereupon. 

B B vet large bellows, to ferve when the ^md does not blow Hrong enough. 

C is a tunnel and alh-pipe, for the fpeedy conveying the afhes and cinders to the 
outfide of the bottom of tho houfe, when the receptacle is emptied, as it ought to be 
every day. 

A air-holes in each face of the lanthorns, to be Hopped or unHopped with fliders^ 
in order to prevent the lanthorn from fmoaldng. 

The hearth and floors of the lanthorn and balcony, t<^ether vnth the bafement of the 
lantlxwn, to be of Hone) the roof and chknney to be of four 4 ach MJUmd edge fiag% 
properly nutred together ; the balcony rails to be of iron. 


No. 4. 
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Kt>. 4. Shews the plan of the lanthorn floors and an horizontal feftion through the 

air pipes. 

Where, in the plan, A is the pafiage or door-way up into the lanthorn, h the cover 
for the fack-hole. 

At 4 is a hole for the rope to go down to the machine for hoifting the facks, to be 
returned over pullies in the upper part of the lanthorn, fo as to anfwer to the middle of 
the fack-hole. 

^ is a hole for a rope from the bellows, which, being returned in like manner over 
pullies, may go down into the pipe-room by the hole marked r, fo as Qccafionally to 
be blown there as well as in the lanthorn, in cafe that in fummer time the lanthorn lhall 
prove too hot. 

|n the fedion, C (hews the place of the fack-hole. 

4# is a multiplying wheel and axle for working the bellows with ropes inftead of a 
lever, which in this place would be inconvenient, efpecially when the perfon working 
them is in the lanthorn, as in general he is fuppofed to be. 

N. B. The bellows arc fuppofed to be made fquarc, in the way of organ bellows, 
but with neat’s leather, and nailed together. 

e Ihcws the fiat of a Aider, and g is the fame in its proper pofidon ; each ur-pipe 
to have one, in order to open any of them at pleafure, and regulate the force of the 
wind when too ftrong. 

N. B. In order to give the wind its full force, 2 or 3 of them to the windward to 
be open, and all the reft clofed, and when the bellows are ufed, to be all clofed. 

No. 5. Plan and upright of one of the window-frames for the lanthorn, 

'Wherein the upright A A fhews two of the upright pillars or ftanchions to be of 
4aft iron. 

41 4 the felk and ^ ^ the plating of .ftrong iron bars, by which the pillars ate con- 
medxdi the window-ftame is .to be of wood, but ftrengthened by a bar of iron, laying 
'fndiin l|ie.nud 41 e horizontal bar, and ferewed thereto, as reprefented in the plan at r r r. 


No. 6m 
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No. 6 , The ftdiM end devadon die linail lig^t'houftr. 

As this li^t-boufe as Co he coniilTufted upon limiUr principles with that of die great 
one> and the difference of dinnenlions being affigned by this general defign, ic ti pre- 
fumed that a more pardcular defcripcion of the parts will be unneceffary, when reference 
«s had Co what precedes and fucceeds relative to the great one. 

No. 7. Defign for one of the ten iron ftanchions that form the windows, and fupport 

the roof of the lanthom, drawn at large. 

Tint, with reference to what Is expluned concerning No. 5, will be fufficiently clear 
£om what is upon the face thereot 

No. 8. Plan and fodtion of the iire<<age and hearth. 

This is fuppofed to be fufficiently expluned with what is upon the face thereof. 

No. 9. Plan of the founduion. 

Upon the outward and inward circles of piles a kith of wood is to be nailed dowi^ 
upon their heads, which are firft to be cut level ; but before the kirbs of wood are 
fixed down, the whole intermediate fpace between the piles is to be pitched or fet with 
EUmJ edge fetters, of 9 inches in dqith, fet edgeways, in the manner the ftreets are 
paved about Haltifax ; thofe are to be well rammed down with a two-man rammer in 
in die manner of a pavement, caking care that thofe fetters that will be covered by the 
kirbs may be fomewhat fuller than the pile heads, that the kirbs may take their bearings 
equally upon the fetters as upon the piles: diis done, the joints mull; be run foil of 
grout, made of lime and fand made fluid with a proper quantity of water, which done 
die brick-work muft be carried on thereupon as fliewn in No. 2. 

No. 10. Plan of die vault or baferoentftoiy. 

This is a plan of the vault at the top of the jffindi or foc-off above ground s the reft 
will fofficiendy appear by reference to No. 2. 

No. 1 1. Sndth’a Ihop floor and ftore-raom floor. 

Wherein the finidi’s fhqp floor A fhews the great door, D the projefting landing- 
|dace, E die gibbet, F the or vnneb for hmAing the coi^ B the hatchway 

for fhoodag the coals down into the vault, which being ia the nuddle will be equally 

Vot. L L I diftri- 
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diftributed, C the hatchway for the facks to go up into the lanthorn, anfwerable to the 
fack-hole or pipb defcribed No. 2. H fhews the place of die afli-pipe. 

In the plan 'of the ftore room floor, (» is the fack-hole, and ff the alh>pipe, the eaft 
and well; windows blank. 

N. B. The doorway or hatchway had better be nearer the wall, as well in this as in 
die floors above. 


No. 12. The dwelling-room floor and chamber-floor. 

After what has been remarked on No. ii. it is only neceffitry to obferve that there 
being two oppofite chimnies in the dwelling-room, they may be ufed the one or the 
other as belt fuits the wind ; in the chamber-floor the north and welt windows are fup* 
pofed blank. 


No. 13. The upper chamber-floor and pipe-room floor 

Will be fufliciently explained from what has been already remarked, the north and 
welt windows in the upper chamber being fuppofed blank as in the chamber below, the 
pipe-room windows all open. 

J. Smeaton. 

The foregoing explanatory obfervations were lent to London for the approbation 
of the Corporation of Trinity Houfe, a copy of which was by them returned, in 
order to be returned to Mr. Thompson in their Common Seal, to which was fub- 
joined the following. 

** Trinity-Houfc, London^ March 21, 1767. 

** Thele explanatory remarks and obfervations upon the delign or plan of the two 
new Itght-houfes to be ereAed at the Spurn Pointy the Mafler, Wardens and Afllftants 
of the Corporation of Ttmity Houfe of Deptford Stnmd, do hepcby, under their Com- 
mon Seal, approve o^ and do appoint the lame to be carried into execution, purliiant 
CO the ad of Parliament palTed in the fixth year of his preient Majefty’s reign. 

By order of the faid Corporation, 

Charles Wpldbore, Clerk.'* 
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ESTIMATE of the expence of building two Lig^t-houfesj with proper conve* 
niencies, upon the Sfum Pointf as defigned by Johk Smzaton, Engineer^ from 
the orders and dveAtons of the Honourable Corporation of Trinity-Hoqfe of 
Deptford Sfhnd. 

Eftimate of the great Light-houfe. 

£' /. 

• • 123 10 o 

- 482 13 1 

201 14 o 

- 249 3 4 

100 14 4 

65 6 8 

30 8 o 

62 13 4 


To calling, piling, and letting the fouadatioii, as per plan. 
To brick- work in the building. 

To ftooe-work in ditto, - « . 

To carpenters work in ditto. 

To iron-work in the lanthorn. 

To ditto in the balcony rails, • « 

To ditto in the fire-place, with 2 cages. 

To ditto in the building, ... 


Total of iron-work, « « 

To plumbers- work, covering the' balcony floor with lead. 

To ditto in ciflern and pipes to bring rain-water from die roof. 

Total of plumbcrs-work, . . . . 

To glazing the windows of the rooms. 

To ditto in the lanthorn, • • • • 


- *S 9 4 4 

S 6 >9 3 
IS 6 o 

7 * 5 3 

5 00 

1250 


Total of glaziers- work, • • • • • * 175 ^ 

Great light-houfe, 1^05 15 o 

f - - ^ 

The great light-houfe, as per eftimate, • . • • • 1^5 o 

The fmall light-houfe, eftimatcd at | of the expence of the great one, - . 1054 6 o 

The fione platform between ^he two houfes, - • . -90 00 

The brick wall round the greater li^ht-houfe, 30 yards diameter, with carriage and fmall door, 

and ca^d with ftone, - - - -118120 

Ditto round the fmall light-houfe, 27 yards diameter, but being more expofed, eflimated at ditto, 1 1 8 12 o 

P . . V. . • . « 

- ' * . . * ' . ; i , . . *787 5 o 

To tbe sbove sUow ibr accidents, d^nti^endcH and 4 i^ietilty i^tioH,| lo per cent, upon 
the whole, - - - - - -- 278 15 o 


' I » I 4 48^1 ' > » M ^ ' 

N. B. NatUng is aUnwai in the above efinpMwn^aMmt ofifi^aerilal, 

February 21, 1767. 


5066 o o 


J. Smbatom. 
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This cftitnate w« rathenticated by the board, under dior common fttl, and mdt die 
foMoadfigtcftimony: 

** This Eftimate of die expence of ere^ng two new on die Sfun PtiHt, 

dw Mailer, Warden, and Afliilants of the Corporation of Trinky-Houfe of Deptf$rd 
Stratdi do hereby, under their common feal, approve of, and do appoint the fame to 
be carried into execution, ptirfuant to the aft of Pariiament paffied in die fixth year of 
hi& prefent Majefty’s reign. 

By order of the faid Corporadon, 

Charles Wildboxx, Clerk.'* 

Trinity-Houie, February ai, 1767. 

(Duplicate. C. W.) 


ADDITIONAL Rematks and Obfervadons, touching the conftruftion of die 
Lig^t-houfes upon iSatSfum Pomt, as approved of by the Honourable Coipo> 
radon of Trinity-Houfe, Dfptfvri Stroud, London. 

Defign Na i. Being the general plan. 

It is mendoned that the light houfes are to be placed at the diftance of 300 yards 
center and center, and in a ^reftion S. £. and N. W. by the compafs, in refpeft to 
each other i to be joined by a platform of (tone, the conftruftion of which I propofed to 
be as follows : 

To be conapofed of £ibnd EdgjO natural-faced flags, a foet in breadth and 4 inches 
diidc { to be fupported 9 pavement or fotdng of brick on the edge, and 3 bricks 
length* wide, to be wett best down widi a paviour's rammer, the ground being firft 
levoUedandcoofoIidatedtiy lammang; the hand-rail to be indies fquare, fupported by 
pots of 4| inches and 6 foet lon^ fot in the ground, fothat the rail m^r not be more 
dianj foet above the forSice of the ftsQ^. Thistiinberisfiqipofed to beofiZijw fir. 

The circular bridt waB iouBd*die great light-houfe, laid to be 30 yards diameter, 
diat Is, out and out, 1 prapofe to found at the depth of 3 fee^ or theredxnits, below 
the mean forfoee -of the geoond, bub if at » left depth, a ftratum of gravel can be 
found ti6lcnibfy compaft to ftwnd tgoft it. The booom, when opened, to be confo- 

lidated 
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lidioA bf nmmiiig^ and Ait firft ground couiie to be j bricki Icngtli broad, kt upon 
the edge, and driven down like a pavement} then two oourics upon it to be laid flat- 
wi^a, as common, in mortar, of 2-1 bricks mde; then to be carried up of two 
bridts dll a foot above the ground } then to be ruled to 8 ictx. 8 inches hig^ above 
ground, and to be capped with ftone 4 inches thick : dns, if the undertaker chuiea^ 
may be of Etiand edge flagging, with die natural laces, but hewn true to a joint and 
legular border} or with any otoer kind of flone, fuch as uled about die light-houfes, 
that will bear the weather : die o^iping to projed about a inches on each fide, and to drip 
towards the outfide, to be iaid on widi mortar made of lime fiom Bmrvw^ in Ldcefter-^ 
/hire, or any other lime of equal qudity for water-worits. The body of the wall to be 
built with lime fiom near Caji^d, Torkfinret or any other of equal qualiqr. 

The fmall light-houfe circular wall to be fbunded as the former, but the mortar 
courfes on the 3 bricks length on edge fetdng ; to be ruled bridu thick to 1 loot 
above ground, and then 2 bricks to 8 feet 8 inches above ground, and covered with 
4 inch capping like the former, without any projedion on the outfide, and about 2 
inches within, but laid lb as to drip outwards, the outfide brick breadth to be walled, 
and the ciqiping to be laid on with Bamw Ume, and the reft walled with Hwgbtant and, 
both walls to be grouted or run with liquid mortar every four courlb. 

The area of thefe two courfes between the lig^t<<houfes and the out-walls Ihoold be 
paved with good bowlers, fo as to refill the wheels carriages carrying coals. This 
article has nor beer parricularly confidered in my original eftimate, oiherwife than in 
the articles of contingencies. 

Defign No. a. Being the fedion and elevation of the great ligiht-houle. 

The external and internal circle of piles in the foundations are, as drawn, intended 
to be 10 feet long, and 10 indies diameter at the heads, and the internal pilii^ pf 9 
foet long, and 9 inches diameter at the heads; butboth thefe dimenfions to be varied 
accon&ig as the grotrod proves on trying it with piles ; the piles here fiippofed uu ^ 
oak, elm, beech, or alder, but may be of Bign tir, or any odier kind of wood fir of 
equal quality fbr duration under ground, in which cafe, if fquare 9 inches irill do for 
the kiibs, and 8 inches fquare for the internal piling, the length bring foppoftd the 
fiuneas befitod* 

The diickneftof dutt past of the flieH of brick-work marked 2 foe^ is foppofod 
bricks, and that marked i foot 7 inches of 2 bricks thick } the bridts in the nordi 

being 
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being made Jarger than thofe in the ibuthi it was (uppofed thcif pro^tijr ih 
walling make thofe thicknel&$ fpecified> but at the fame time it was not ptopofed to 
have bncks made on purpofe> but to be walled with the common fize of bricks ufually 
made m that part of the country^ but they Ihould not be lel^ than ^he tbifutp<thipk->| 
nels for Loudm j and, N. 6. wheiever a diderence in the dimenfions of ,the hoicks, the, 
thicknelTes afligned to the fevefal parts cannot exa£tly tally ; it is the outfide meafure 
which IS to be preferved, unlefs particularly dire&ed to jtbe contrary. The fort of 
bricks prt^oied to be ufed is what in tlie not th are called water-bricks, in contra- 
diAindUon to ftock-bricks, but thofe to be particularly hard and well burnt. 

It was propofed to build the whole with Houghton yvcnzt or other good ftone lime of' 
equal quality ; but I am of opinion, that, confidering the expofure of the (ituation, it 
will anfwer a better purpofe to have the outfide bticks in breadth walled with Barrow 
lime, leaving the undertaker to make ufe of what lime he chufes for the internal parts of 
the wall, being ftone lime good in its kind, and well tempered } and that it will be bet- 
tef to alloYT the undertaker whatever difference there may be in the value of both forts 
together, if any, when ufed inltead of Houghton lime for the whole, than that this pre- 
caution Ihould be neglefled. The whole of the infide to be walled fair, and to be 
^J'b'ufed at every Fouith courfe. The undertaker to be allowed to ufe, if he pleafes, 
either fca water, or fuch as can be obtained by digging a well upon the fpot, as he fhall 
chufe i and to pj event any damp in the dwelling-room it will be proper to be ftoothed, 
lathed, and plaiftcred, (the plaiftcr being made up with frefli water) which will be a far 
more effectual defence againft damp, than any difference that can arife from the quality 
of the water in the out-walls, having found that good mortar binds as well with fait 
water as freili. 


N. B. This article of ftobt^ing and plaiftering was not CCnfidered in the'driginal 


eftimafe. 




In regard to the ftone-work, all the parts that'require''iarge ftat Aones w^lf be beft fop- 
plied foom Elknd-F^e, or fr^ Cremwe// Bottom ^uarries^ whicl^ fap^ 

but in regain! to tlie ftone-work for dobr-cafes, window -fills, ^ps. th^ av-pioe mouths, 
and gir^e fto^es, to compleatand^ cramp that courfe ^gethcr, wim^^e anq 

facia co^pofingth^ bi^lcOTy dobr 'and^afoment ol'the lanmqn^, as mere ^ ^Aumber 
of good quarries in the neighboui hood oiAxr 'e, Colder t andtD«», as wq|l^ ^ S^uvdtf^ 
land^ which afford the proper materials, the undertaker fliould have the choice of get- 
ting them ^herehe c^nforve^hpnfelf with moft a^yaqt^gp^ 119 fqrpifh 

good ftri^p; fto^, jaqafuch as endure the weather. , b j , . .*1 . ,tl 

Inftead 
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IsiSiead af UntelU on .tfae^infides of ,di« doors-and windows, they are )>ropoled to be 
arched with bnck. < 


The timber every >^ere to be made ufe of is fiippoled co be the bed Riga fir, or other 
red wood fir of equal quality, fi>r the relpe&ive purpofes, except where the &it of 
wood is particularly exprefled to be of a different kind. The doors between room and 
room are propofed to be trap>doors, and the afeent between room and room to be ftrong 
ftep ladders of equal width with the door-]vay$, the (ides to be at lead 8 inches by 
and the deps not to exceed 8 inches rife, and the ladders not to dand deeper than an 
angle of 45 degrees where the place will properly allow it. 


The windows of the rooms to be of clean well feafoned EngliJb.OTlk ; they are defigned 
to be fimply a frame, whofe outfide circumference is 3 inches by 2, and the infide bars 
of duff by 2 inches; they are to be fixed up againd a check made by the projeAlon 
of the outward bricks, and fadened by a pin, fo that the whole dame may He taken 
out at pleafure, in order to air and ventilate the rooms, when occafion (hall require, 
and the weather admit : there is a fmall error in the original drawings, in regard to the 
manner of forming the window-fole dones, wherein the check is reprefented on the 
outfide, and that, for the fake of keeping out and venting the wet, ought to bC within ; ' 
and as this matter cannot be fo eafily deferibed in words as to prevent all uncertainty, 

I have added a drawing, intituled No. 14, wherein the particulars are exprefled more 
at largtf. The glazing of all the room windows fuppofed to be' of common glafs ; the 
clear opening of all the windows, when the frames are out, is 2 feet wide by 2 feet 
6 inches high, the pipe -room windows excepted, which arc to be 2 feet wide by 2 feet 

Wgh- , ' , , , ' 

, Their number will be as follows t 


In thefmiA’s fliop, R. W. and N. 
In the dorr-room, N. and S. 

In the dwelling-room, E. W. N. and S. 
In the diambrr, N‘. and S. 

In the i/p^«y chamber, 'N.-andfe. 

In the pipe-room, E. W. N. S. 



All the red blanks, with arches’ and foUe 
dones to preferve the jr^gularity on^the 
outfide, and to be*8p'<fhed afterwards, if 
need fliould happen to requiir. 


Defigus, being 3 and bqug.fedions and ^lansmf the lan^iom.^ 

Updii KB: 3 If dbCifve, * that tfi&^i^ddws fei^'placl^ Avo 

courfe of bricks higher; dr‘ftCarcr^^!|j^^ifeottSi-^lbl<?^''d{at^aB’dT^ii^tne pn0j[)6'led lining 
plate iron ; of the receptable for the arches, it will, for further fecurity, be proper 

to 
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to line die ^ole iniide of die «nood-work| compofing the Oprig^ tube, «rith double 
tin-plate, and to extend the fame the breadth of a tin-plate within the air-pipes. 

The ftones mentioned to be laid between the pipe-mouth ftones, marked a a/m 
order to form a chain courle, are fuppofed to lay upon the fanne bed as the cap-ftones 
of the air-holes, and to reach to the outfide, wanting only one brick’s breadth, that is, 
they will be x foot 6 inches up and down, and i foot 9 inches infide and out, at the 
extreme breadth : the sdiole of this courfo to be of ftone of a firm quality, and 
double cramped upon the upper furfiice with cramps of 2 inches broad, ^ an inch 
duck, and 14 inches long, and to be put in hot, and buried in a body of lead : the 
focia in like manner, coonpofing die balcony floor, to be cramped with a double fet of 
cramps fixed in the fame manner, the joints thereof to be filled, and very carefully 
pointed with cement made of equal parts of Barrow lime, and pozzolano or fmitlis 
forge 12:ales : the aperture or crown of the arch to be fet round with an arched circle 
of ftone of 9 inches ddck, and the height of a brick’s length. 

The top of the balcony rails to be at leaft 3 feet 6 Inches above the floor, and 3 feet 
high in the bars, which are to be of 1^ inch thick, and loo in number in the whole circle, 
and the upper and under circle connefting them to be 3 inches broad and 4. inch thick ; 
this circular railing to be fupported by 20 ftuds leaded into the facia, and turned with a 
crutch at the top to take the lower circle of the railing without any other fiziqg dierem 
than the weight of die railing. 

The lower fdl of the lanthorn frame to be fet in putty, made of white lead and oil, 
the upper fdl of ditto to be covered with a kirb of wood bolted down, to be cut to a 
proper bevil for fuppordog the ftone roof ; this kirb to be oak ; the chimaey to be 
compofod of five pieces, and as be liboped with two ftrong hoops round the whole, of 
j indKskead and | duck. 

N. B. It will be iieeef&7 co cut a fioall half circular grove under die facia, to prevent 
the wet from following the under fide to die walk The door in the balcony 60m die 
lanthorn to 6e of oak. 

DefigpiaNo.$.aad9. The fbij^hemg a plan and upright ofone of die vrindow-fiames 
§ar diekuidiom, and Ae latter a ddl gn for one of the xo caft irtm ftaRdiioM that form 
the windowa> andfiqpfmtdicaaofof dielaiidm% dawn at huge. 

Upon 
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Upon wluc^l that the wviddw-^framefs are fuppb&d td be made of 

die beft dean^dj^ Enffijh oak* put together with white lead and oil, and glazed with 
the beft crown glals, each frame to be fixed in place by; jz ftrong wood fcrews, and by 
two fmall bolts, that take the crofs bars ; and that all the iron-work, together with (he 
icrews, bolts, &c. and window-frames, are to be put together with white lead and oil, 
the whole being firft painted twice over when tried together, and afterwards two coats 
when fixed in place. 

Defign 6 . being a fedion and elevation of the fmall light-houfe. 

Whatever has beenor Ihall be obferved regarding the great light-houfe, tliat will apply 
to the fmall one, is to be applied thereto, except what is particularly Ipecified by the 
defign or in writing to be otherwife. 

The piles under this light-houfe are fuppofed to be of the fame dimenfions, and in 
number proportionable to the circumference of the circle of their refpeftive bafes, the 
ftone fetting between the piles to be of equal depth and folidity. 

It now feems more eligible to make the room above the vaulc a ftore-room, and to 
put the two fire-places into the room abpve, in order to convert it into a dwelling- 
room, to be ftoothed as the other. 

The floors to be twelve-inch beams, and common joifts 4 by 5. 

The height of the mutules arc intended to be 6 inches, and the height of the facia 1 2 
inches at the edge, and to rife \ an inch at the lanthorn, to be double cramped, as alfo 
the chain courfe at the air-pipe holes, as in the great light-houle. 

The number of windows in the fmall light-houfe as follows : 

The room above the vault N. 1 1 The reft walled blank, widi arches 

The chamber and dwelling-room E. W. N. S. 4 rand foie flones, as in the great 
The pipe-room - - - E. W. N. S- . 4 J light-houfe. 

Open windows 9^ 

N. B. The windows of the rooms and pipe-room to bp of the fame dimenfions as the 
great light-hOufe. 

VoL. I. 


M m 


This 
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' llus H^t4ioule is proposed to be lunged befiotrf of -a proportionable fize to 
tbofe of the great ligkc-houft; but ! apprehend the bellow^ ki botb hgbt-houfes may be 
omitted nil it be feen erhMhCT the' fire nha^ riot have a fidficient draught in calm weadiei^ 
byfettingaU the ak'-pipea open, WithOtit i»orkmg the Bellows', ‘fortnlefsthe'yarenc- 
ccflary they may be ciimberfome, and may at any tlmd be added*. . 

'5 . * 

The fack-holc pipe is reprefentcd as broken off at top, not only in^this elevation, but 
in that of the great light- houle, the part of the arch wherewith it unites being that fup- 
pofed to be removed from before the eye, but in re^ty tliofe pipes ire to be made to 
unite with tlie propel' opening through . the , arch for the'faek to paft!tbrOugh up into 
the lanthorn. 

The balcony rails are, as per defign, to be the fame height, and the iron of the fame 
thicknefs, as for the great light-houfib, but the number of bars' to be oilly -80, the height 
of the lanthoin in the glafs to be. the Tame as the great light-houfe, and the caft-iron 
franchions the lan\e. 

Defign No. 8. is a plan and feftion of the fire-cage and hearth, upon which 1 have 
to remark, that it Teems more eligib^ that the brick-work thatfupports it fiiould be 
raifed about acourfc higher, in order to bring the lower ring of the cage even widi the 
top of the ftone bafement of the lanthorn } and N. B. the fpaces between the eight pillars 
that fupport it are to be clofed with miUed plate iron. 4- thickj one fide being made to 
open with hinges and a latch like a door, in order to clear the grate. 

Defign No. 9. Is the pl^ of cbe;foupdation i to which I hail add, that thekirbs, 
being I'o by 6, are to be of erbeji^di, but. tbtt the internal piles .al>e, as ^ 

ready mentioned, to be varied in number, fize, and difpofition, according as lhall appear 
upon trial by driving after tlac gi;pt^4 opjcned:. the foundation here fpoeified being 
fuch as appeared proper upon fuch trials as were made in prefence of the gentlemen of 
Trirnty-Hoirffei t}eptfofd Strdni, ^HrHen 1 had the' honour of attending them there. 

. I ' ■ ' , .... 

Defign No. 10 . being a plan bf the vault 'or bdfement ftory, there is nothing to add 
but that the dotted lines upon the points E. W. N. and S. Ihcw the places of four air- 
holes CO ventilate and give light into the vault. 

B. 1 apprehiend it hniay be more eligible to make tKe cntry-^.<M:& tQ opw.in,- 
ternally. t . 


Pcfigq 
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Del^ No. II. is a i>lan of die fmith’s ihop ( floor to be flawed with natural-faced 
Elland-Edge flag8> 'welf ' jointed ifod latdi die two openings B C having a rebate cut 
round dbem* >anf,to be eovcred inth loofe lids (Widi a ring in the middle) made -of a 
double ddekaefs of oak plaiik Of inch dinched together} the middle hole, dimi^ 
marked g feet, seed hot be larger than the other, viz. a feet 6 inches. ' 

The gibbet E to be of odt, and to have a rope of a proper length, with guide 
pullies for hoifting fades of icoala out of' the carts, feparate frorh the rope for hotfting 
coals to the top of the hpule, each rope to remain reeved, and read/ to be applied to the 
barrel of the machine as occafion (hall retpsire f the machine to be made with an iron 
wheel and pinion compleat ; 

In the (lore-room floor the door-way, upon the whole, may, in this as the red, re* 
main in the place (hewn in the plan } the beams to be 14. inches fquare, the joifts 4 by 
8, and the joiflrs on each fide the door-way to be 6 by 8. . 

DefignNo. 12. contains plans of the dwelling-room and chamber-floors, wherein it is 
to be remarked, that the girders lay alternately crofs of each other. 

In the dwelling-room is prppofed two fire-places, that either may be made uie of as 
the wind blows} the funnels are to be carried up in the walls, and laftly carried to the 
outfide, and to be terminated like a cup by corbelling or overfetting the bricks near the 
top i thofe funnels to terminate at or about the height of the middle chamber-floor. 

Before the chimnies are to be two hearth-ftones of EMand-Edge natural-faced flags of li 
feet broad at leafi, and 5 feet long}, . each fire-place to be furniflied with a grate or range 
fet in ftones that will bear the fire; the girders of the dwelling-room floor to be 13 
inches fijuare, and thole of the chamber la inches fquare j the joifts the fame as the 
ftore-room. 

Defign No. 13. is added to Ihew the relative fizes and dilpofition of the floors, and 
feems to require. no further directions than; what js upon the face of it: the girdei^ of 
the upper chamber-flpor beiqg i a inches ,fqiw?> snd thofe of die pipe^room 13 inches 
fquare ; the common joifts being 4 by 8, and the door^way joifts 6 by 8, like all the 
o^erfloors. . y , , 

I , 

* Tlie‘fidlows and aitvd'axi Mt'fuppofed to be furhi(hed by tbie iioderuker. 

■ , . • ■ rr I ■ ' 
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The iron-work for hanging the doors as follows : 

The double doors for carriages to be 9 feet clear widdi in each of the circular walls, 
to be hung upon well-made loops and crooks, not le6 than '8 lb. loop and crook toge- 
ther i the crooks to be leaded into litone inlaid in the wall, and the loops to be fixed to 
the doors with fmall fcrew bolts. Thefe doors to be made with proper bars and faftenings 
to hold them open and keep them fliut. The fmall doors in the circular wall 2 ^ feet 
clear width, anfwerable to the platform from houfe to houfe, to be hung with loops and 
and crooks of 5 lb. per loop and crook, and leaded into (lone with proportionable latches 
and bars. The vault dcors to be hung upon the fame loops and crooks as thole fpecified 
for the double doors of the out-walls, and fixed in the lame manner, with each two bars 
or bolts of 41b. each bar, and a lock to each door. The entry doors to have the fame 
loops and crooks as fpecified for the fmall doors in the circular walls, with each a lock, 
bolt, and latch of proportionable ftrength. The crane doors and balcony doors to have 
loops and crooks the fame as the out-wall fmall doors, with each a bolt of proportion- 
able fize. The trap doors to the floors to be hung upon good HL hinges of at leall 
10, or T hinges of 13 inches, with one bolt of a proportionable fize. 

All the doors to be plain batten doors, except the two entry doors, which are fup- 
pofed to be done with fomewhat more ncatnefsj all the out-doors to be of whole deal, 
and the trap-doors, on account of lightnefs, not lefs than thick when worked; all 
the doors and floors to be planed and ihot clear of fap, and to be lathed, tongued, or 
rebated together. 

The article of painting was not confidered in the original eftimate otherwife than by 
the general article of contingencies ; but it is propofed that all the outfide wood and iron 
work be painted with at lead; two good coats, which has not been already fpecified to be 
done with more; all the falh-frames with white lead and oil, all the iron-work with white 
lead and oil made of a dark lead colour with lainp black, and the doors, &c. with good 
red priming. 

.? 

In refpeft to the lead covering of the balcony-floor (which was propofed to be done 
with lead of about 10 lb. to the foot) in cafe the joints are well cemented, as has been 
fpecified, I am of opinion, on reconfidering this article, that the lead may be omitted; 
and as the roof of the lanthorn ahd floor of the balcony will be greatly annoyed with 
foot and coal-duft, infomuch that it is probable but very little of good frelh water can be 
colleAed, it f(Kms that the lead pipe and ciftern may alio be omitted, and in lieu thereof 
dui the undertaker fumilh each light-houfe with a good ftone trough or ciftern, to hold 

at 
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at leaft tvro hoglheads each^ properly fupported on brick-work, with a cover to each, for 
depofiting fuch freih water as lhall be brought from the main land ; and allb to cover 
the hips of the lanthorn roofs with lead $ and as in the above articles of lead-work to be 
omitted, there will be a deduction of 72/. ^s. ^d. in the original eftimate upon the great 
light-houfe, and 54/. 3 11 d. upon the fmaller one, it may be reafonably expeded that 

thofe fums, making together 126/. 91. <id. will fully compenfate every article of addi- 
tional expence which' was not fully confidered in the firft eftimate, or has on this revifal 
been fuggefted. 

I beg leave further to obferve to this Honourable Corporation, if they can admit both 
the light-houfes to be fomewhat altered from the places marked out in the plan No. i, 
that is to go upon the fame line about 80 yards more to the N. W. in order to bring the 
fmall light-houfe more out of the way of the fcas in time of ftorms at high water, that 
it would be a means of preventing unforefeen expences in the proteding the out-works 
of the fmall light-houfe from the effeds of fuch infults ; and this appeared to me the 
more defirable when I was upon the view of the temporary lights (in order to make an 
eftimate thereof) as fome derangements had happened to the platform and coal-yard near 
the fmall light-houfe by a ftorm happening at a great tide. 

Jujlbotfe, May 9, 1770. J. Smeaton. 


The REPORT of John Smeaton, Engineer, concerning the ftate of the 
Eight-Houfes building at the Spurn Pointy under diredion of the Trinity 
Houfe, Deptford Strond^ London. 

^“T^HE beginning of December laft I was at the Spurn Pointy in order to view the 
■*“ ftate of the works carrying on there by Mr. Taylor, and found that the ftiell 
of the lelTer light-houfe was ereded, and the lanthorn compleatly framed, and fet up 
and ready for receiving the glafs, all the naked Boors in, and the hearth ereded ready 
for receiving the grate ; fo that, cxcluilve of the balcony -rails, the glafs, and infide 
finifhing, this light-houfe may be confidered as ereded. 

The foundation for the circular wall round this houfe has allb been for fome time 
laid, and brought even with the furfiice of the ground. 


The 
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The great light-houfe was alfo then ru&d five courfes of bricks above the lecoad 
timber floor ; both which floors were in place, and the ardi of the coal vault compleated, 
as alfo the ftoae fiairs up to the fmith’s room floor. 

The height of the greater light-houfe above it’s foundation was then 44 feet 6 inches,* 
and near 40 feet above the ground, which is fomewhat irregular. . 

The bricklayers were then at work, and as it is faid there is feldom any froft at the 
Spurn Points it is probable that the brick-work done in winter may become even more 
folid than what is clone in fummer. The brick-work of both houfes is fomewhat 
rough, but as Mr. Taylor feems very careful to have the courfes properly grouted, 
or run with liquid mortar, I have no doubt of the firmnefs of the work, and which, 
at a very little diftance, has all the effect upon the eye that can be expefted. 

On examining his ftores upon the place, I found all the timber floors prepared, 
together with a large quantity of boards planed and tried up ready for the floors, doors, 
air communications, &c. fo that I apprehend, taking the work done and preparations 
upon the place, as they appeared upon my view the beginning of December laft, in 
part of the whole, that 1000/. in addition would comploat the two light-houfes according 
to the contraft. 

Mr. Taylor applied to me to have his extras fettled, that is, the additional piles 
in the foundations, and depth of building, occaGoned by the foundations being laid 
lower than the plan, and fome other things that will be due to him j but I told him 
that as there might yet be others before he had done, it might be as well to fetde all 
tlic extras together to which he did not obje<fl. 

Mr. Taylor has made a greater progrefs between the laft and the former vifitation 
than in any former period, and, if not cramped for men or money, I Ihould expeft to 
fee the light-houfes compleated for ufe in the courfc of the prefent year. 

The variation of the Point is become ftill more favourable to the prefimt fituation 
of the buUdings than in my lafl; reprefentation. 

Mr. Taylor remarked to me a new fand that the fea appeared to brerit upon at 
low water, being due eafl; from the lefler light by the true meridiaig and at about a 
mile’s diftance ; this I remarked to Ibme of the gentlemen of the Trinity Houfe on my 
return mJiull, on fuppofiticm they would more circumflaimally tinfbrm dtemlelves, 
and acquaint this Honourable Board therewith. 

landont, apth March, 1774. J, Smcaton. 
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REPORT upon the Lower Light at the Sptm P«w/, by Jothk SMtATOtr, 

Engineer. f 

17 ROM a view of the works at Spim Point, taken the 25th of April, 1776, it 
appears to me, that fince my reprefcntation, by letter of the 2 ad of January laft, 
the beach has confiderably increafed, not only in breadth but in height, and not only 
in the frontage of the low light-houfe and low temporary Hg^ht, but for half a mile at 
lead: coaftwife towards the north eaft. 

Since then a cargo of llazlecUff ftone has been depofited at the foot of the low light- 
houfe, upon the bricks reported to have been there depofited in the faid letter, none of 
which appear to have been ftirred from their place i but as the cover of Hazlecliff^ont is 
not fully compleated, I have now ordered a further quantity, in order to compleat the 
fame. A great part of both bricks and ftone are buried in the beach, that a more 
favourable courfe of wind and tides have brought before the work as above mentioned ; 
fo that, from the above ftate, it appears, that as things have taken that favourable turn 
that was wiftied, and hoped for as veiy polfible, the low light-houfe and low temporary 
light are not now in the imminent danger that they appeared in in January laftj and 
as there is now a greater appearance of probability that the lower light-houfe may 
become and continue ferviceable for fome years to come, I am of opinion, that the beft 
way to turn the work out of hand, and to give it the beft chance of continuance, will 
be to rebuild that part of the circular wall that the fca has taken down, and, to give 
it a greater depth and dimenfions than before, to make good the ground taken away in 
the couit-yard ; that will then again be inclofcd folid with Hazlecliff ftone, and alfo to 
depofit a quantity of Hazlecliff ftone round the circumference of the new wall outfide, in 
the fame manner as is now done round the foot of the building ; and laftly to conftruft 
fome grynes of fai'cincry, or ftake and rice v/ork, upon the beach, on both fides the 
building, in order to catch and detain the beach, in a manner fumething like what is 
pradifed upon the coaft of Suffex, in tlie frontage of Marjh, &q. This is what, 

from circumftanccs turning out favourable for the prefent, appears to me to be now 
advifeable* Yc't the opinion will remain valid that is particularly expreflTed in the 7 th, 
8th, 5th and nth paragraphs of the faid letter of the aad of January, and confirmed 
by the fketch of the gradual changer, made in the Spvrn Point fince and including the 
year 1766,,’ remitted in my letter of the 24tli of January, viz. that the whole coaft for 
fcveral miles being in a confiderablc ftate of wafte to feaward, the fandy beach com- 
pofmg.tbe>.s;;iAr-» muft follow it, and confequently the ground being taken away 

behind the light-houfe, it will be left an ifland, and therefore indefenfibie, but at much 

greater 
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greater expence than that of building a new houfe, even of the fame conilruftion ; 
but that, conlidering the fluctuating ftate of the coafl; to feaward, that it feems more 
advifeable td exhibit the lower light, whenever the prefent one lhall fail, by means of 
a machine light-bouje, built upon the fame principle as the prefent temporary high light, 
and that by way of provifion for the conflant exhibition of the lights, for the benefit and 
fafety of navigation ; that, in the mean time, the prefent large temporary light machine, 
(as foon as thofe lights are ordered to be, ftruck) be removed into the line as near the 
low light-houfe as lhall appear convenient. This is the general fenfe and meaning of 
the paragraphs in the letter above referred to, and which ftill appear to me equally 
neceflary now as then appeared ; but I now beg leave to add, that if the Honourable 
Board of Trinity Houftt Deptford Strand^ lhall think proper to order the rebuilding the 
circular wall, and the defences or out-works above mentioned, that it will then be 
impollible for the fea to render the light-houfe unferviceable fo fuddenly as not to give 
time to do fome bufincfs. If it Ihould be liked better, the large temporary light- 
machine may be taken down, repaired, marked ready for putting up again, and fafely 
depofited under cover, ready to put up, whenever, by the fca’s dcllroying the out- 
works, it lhall appear advifeable and neceflary \ but yet, as the timber and iron- work 
thereof have already been expofed for feveral years to the weather, it is my opinion 
that they will laft as long, when expofed in the fame manner, as if put under cover. 

Auftborpe, 30th April, 1776. J. Smeaton. 


ESTIMATE for rebuilding the part of the wall of the low light at Spurn Point, 
that was taken away by the fea, and defending the fame, as per Report. 


To thirteen rods of brickwork, at 10 A . • • 

I'o timber and piling under the foundations, • ^ * 

To IlazlccUff Hone, iniide the wall and out, 360 tons, at 6/« 8^* * 

To clearing foundations, 

To grync-work of fafeinery, • • ^ „ 

Neat eftimate, ^ * 

Tp }o per cent, contingencies upon the whole. 



/. 


130 

0 

0 

35 

0 

0 

lao 

0 

Q 

5 

0 

0 

10 

0 

0 

300 

0 

0 

30 

0 

0 

• 330 

0 

0 


ESTIMATE 
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ESTIMATE for taking down, mnring, and re^tcAing the great temporarjr' 
light, and placing the fame in line of the other two light-houfes. 


To taking downt 

Removing, ... 
Repairs that may be wanted. 

New foundation, fo as to be moveable, 
Re-ere^ng the fame. 


if. I- 

500 
500 
15 o o 

25 o o 

10 o o 


Neat eftimate. 

To 10 per cent, contingencies. 


60 o « 
6 00 


66 o o 


AuJiborpei ■yyC^ h^xWf 1776. 


J. Smeatoh. 


ESTIMATE of what I have further ordered as necelTary to compleat the lights 
houfes at Sfurn Point, 


A copper funnel for the great light-houft, to be fixed in the fame manner as that of the low 
light, and of a proportionable fize ; this, after deducing the value of the prefent funnel, 
to be returned, ....... 

To fixmg, fcrews, bolts, &c. ....... 

New caft-iron fire>hearths, poflibly may come to about • • . . 

Some partitioning in the finall light-houfe pipe-room, in order to make it convenient to 
lodge in ; an addition to the alh.pipe ; and feveral finall jobs that I law neceflary, and 
ordered when I was there laft, about ..... 


£• 

18 0 o 

5 10 o 
500 

6 10 o 


jC- 35 o o 


AufthorfOt 22d January, 1777. 


J. Smeatok. 


N n 
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Tht concluiive REPORT of John Smeaton, Engineer, concerning the i^uru 

Light-houfcs. 

IN confcqucncc of Mr, Taylor’s letter of the 30th of March laft, acquainting me 
that every thing 1 had ordered, as well extra as contract work, was done, I villted the 
light-houfes, at Spurn Point ^ upon the 7 th of April, and finding that the capping of 
the detached circular wall of the lower light was compleated, which for fome months 
pad had been the only thing wanted to the completion of his contraft works, I gave 
him a cerrificate accordingly, of which I advifed the Board by letter of the aoth of 
April ; and alfo therein mentioned, that having ftaid the night of the 7 th upon the 
Sfurnt that the large copper funnel then fixed upon die great light-houfe compleatly 
anfwered the end, as the le0er one fixed upon the low light had done before, fo that 
both lanthorns would go through the whole night, without any necefllty for cleaning 
during the night ; and that both lights appear exceedingly brilliant, and the heat with- 
in the lanthorns is proportionably lefs. Thefe are, in fa£b, very great and efFential im- 
provements, both in regard to the light itfelf, and the advantage of keeping them, and 
therefore direftly tending to keep the expence of maintenance as low as is confident 
with the goodnefs of the light neceffary to be exhibited, and which, as thefe light- 
houfes differ materially in condruAion from any before ere&ed, are matters that 
could only be adjuded by trial and experience, but which being once brought to bear, 
will be a model or example for the ereftion of others. On examination, 1 found that 
the geates 1 had ordered for the new hearths, being as much too fmall and narrow as 
the original ones were too large and wide, the Hght-keeper (being by trade a fmith) 
had made one for the great light a medium between tke two, which had anfwered, not 
only for the Stet^e coal, but for burning a mixture with the Sunderland coals, which, as 
the Board did not approve the difpofal thereof was become the more necefiary j but 
the lefs li^s grate being too narrow to burn the Sunderland coal, I thought proper to 
order another grate alfo for the lelTer light, by means whereof they faid they could burn 
one third of Sunderland with two thirds of Stone coals ; and, according to this rate of con- 
funnpinon, thty.had as many of the Stone coals as would hft till Kiidfqminer, (of vdiich 
1 took care to apprize Mr. Corthine, the agent,) and as many Sunderland coals as 
would lail; feveral years. Indeed the Sunderland coals are much in the way, as, by oc- 
cupying the coal vaults, the Stone coals have been obliged to be lodged in the yards, 
and receive much-damage by being expofed to the rains and the frofts. 

Iiobferved that a good deal of gravel, arid beach had been laid on before die lefler 
fight, and that no material variation had happened in the Point j in fhort, that things 

appeared 
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appeared in as tenable fituation m every refpeft, as they had done twelve months before, 
when I advifed the rebuilding the wall j and though, according to the accounts 1 have 
fince received from Mr. Taylor, more beach is ftill laid on, and matters appear ftill 
more promifing, yet, as in the great ftorm at N. E. that happened in February laft, 
the whole of the Hazlecliff rubble was difperfed from the S. E. fide of the wall for 6o 
feet running: and though much pains and care appear to have been taken by Mr. 
T AY LOR in collecting and replacing the fame from time to time, yet the total flock laid 
outfide the wall has been upon the whole confidcrably diminifhed ; and as ftorms of this 
kind muft be expeCted every winter, and there does not appear to me, though a tem- 
porary defence, any thing more likely to be effectual, or to afford a better chance of 
faving the building for a term of years, without going into expences that cannot with 
any propriety befupported, as being greater than the expence of the building itfclf; I 
would therefore by all means recommend that for the prefent year 150 tons of Hazlecliff 
flone be got to the place ready to be applied as heretofore, that is, as it maybe wanted ; 
and as I have no doubt but that Mr. Taylor, while he remains an inhabitant of the 
Spurn Point, will not be wanting in his beft endeavours to apply thefe ftones to the beft 
advantage for the defence of the buildings, I would advife the application thereof to be 
put under his management until Mr. Cor thine can fall upon fome more eligible per- 
fon. Yet I muft do Mr. Taylor the juftice to fay, diat exclufive of fuch delay and 
difappointment as has arifen from other perfons, that in his own perfon I think him 
ftriCtly honeft and induftrious ; and 1 apprehend it is very poffible that after they have 
got into a way of ufing the ftones in a lefTer body, and occafionally as they are wanted,' 
that too tons annually may fuflice, I mean tiU an extraordinary revolution happens, for 
in that cafe 1 don’t apprehend that 1000 tons would be effectual. 

I have already acquainted the board that the high light machine being ereCted upon 
the line, it can in two hours be lighted, fo that no damage can happen to navigation by 
any failure of exhibiting proper lights ; and as the machine is placed upon ground walls, 
by continuing thefe walls, and getting the machine Upon rollers, it can mth great eafe be 
drawi> further within land, whenever the wearing away of the coaft lhall reqiiire it. 

' f " \ ' 

' J. S'ME'ATtm, 

A 0 borpe, June aj, 1777. , • 

P. S. 'The runiung out and fhapingof die point stfe]fw^,whieitl was thqie laft, much 
in the fame ftate as it was in the year 1774. . . 
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The Report of John Smeatok» Engineer, upon the ftate and condition of the 
low light-houfe at Sfum Pointy pointing out the moft likely means of preferving 
the lame at a moderate expence. 

IN the year 1766, I attended a deputation of gentlemen of the Trinity-Houfes of 
Deptford Strend and of Hull, who were alfo attended by Capt. Mitchell, who was 
fuppofcd to know the coaft the bell of any body : he had peevioufly fet up marks for 
the placing of the light houles, according to his own opinion ; the line of direflion was 
the. fame in which they now Hand as to the points of the compals, but was more in- 
land, that is, further from the Point than the line upon which the prefent buildings {land. 
It was then obferved by the gentlemen, that the removal of the prefent light-houfe was 
on account of its being too far from the Point ; and as the Point appeared to be in- 
crealing, and going out further and further yearly, that the new light-houfes might not 
foon become again necelTary to be removed and rebuilt, it was delirable to have them 
as near the Point as polTibie, as the probability was, that they would by the increafe of 
the Point leave the houfes more and more within the land. The only difficulty then 
Iwmed to be, whether the buildings could be fo founded as to (land upright upon this 
great bed of fand, if built fo much nearer the high water mark, upon which I faid I 
could undertake to make foundations upon any part of the bed of fand, fo as to enable 
the buildings to Hand upright upon their bales, provided they were out of the way of the 
immediate ftroke of the fea } and as it was univerfally allowed by all prefent that the 
"land was increafing there in every direflion, there could be little danger of a direft at- 
tack of the fea upon either building, and therefore the gentlemen ordered marks to be 
put down in the line on which they now Hand, at the diftance of 300 yards from each 
other, and which line was then only 1 1 5 yards dillant from the extreme point at high 
water mark. 

It was not till the year 1771 chat the buildings were begun to be creeled, when on 
revifiting the Point I found that it had fo much increafed in length that it projefted at 
high water itiark 280 yards further out than it did in the year 1766. The land had alfo 
increafed on the fide next the Hmierj but had Ihewn a very apparent diminution to 
feaward. It had been determined to begin with the fmall light-houfe firft, which being 
a lefs ponderous building, if anyjdifficulty Ihould arife in making a foundation, it might 
be a forewarning, and th^by fumilh the means of conquering the difficulties that might 
attend the larger and more ponderous building. 


Under 
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Under thefe drcumftances of the Point’s having lengthened 480 yards in five years, it 
did not feem at all prudent to carry the line of the building further from the Point than, 
had been direded, nor, on account of the diminution to feaward, to carry it further- 
out ; but finding room on the fide next the Humber^ I advifed that they ihould be car« 
ried 80 yards further towards the Humbert upon the fame line, than originally they had 
been propoled, and accordingly the foundation of the fmaller light-houfe in queftion 
was laid 80 yards more inland than originally marked out, being there no lels than 90 
yards within land from high water mark, which feemed to be a very ample allowance 
for the incroachment of the fea, that hitherto was not fiippofed to be any other than 
cafual, and that therefore in all probability would increafe again on that fide as well as 
the reft : 1 alfo on this account ordered the foundation of the building to be furniihed 
with a greater number of piles than originally intended. Having never been at the 
Sfurn otherwife than by water, previous to the laying the foundation of the lefler light- 
houfe, it was not till that building was confiderably advanced that I had an opportunity 
of remarking the progreflive efFedt of the fea upon the coaft, which my frequent jour- 
nies by land during the progrefs of the work gave me an opportunity of feeing. In the 
year 1774 the great light-houfe was founded, and though there appeared no diminur 
tion of the land on that fide, yet by way of precaution I advifed it to be fet only 60 , 
yards from its firft intended pofition towards the Humber, inftcad of 80, which kept it 
20 yards further from the Humber than according to the former pofition, and alfo by 
way of further fecurity, I ordered this foundation to have an additional number of piles 
in like manner as the former. During the carrying on of thefe buildings, I not only re- 
marked that the fea was making gradual approaches toward the lefier light-houfe, but 
was wearing away the folid land of the coaft for many miles to the north of tlie Sfurn : 
however, its progreft was not fuch as to denote any immediate deftruftion, till a great 
ftorm happening in January, 1776, that in two tides made fuch an incroachment upon 
the land as to take away the ground from under a part of the foundation of the circular 
wall, which occafioned one half of it to be beat down, and waihed away the ground fo 
as to lay bare a part of the piling upon which the main building ftood ; and had it not 
been for the precaution of the additional number of piles in its firft founding, it moft 
certainly had given way j however, there did uot happen the leaft fhrink. 

On this alarming occafion, I defended the building with ^1 the expedition that could 
be ufed by a large quantity of Hazlecliff rubble ftone, forming a flope againft the fide of 
it to feaward, and in the advance of the fpring the fea rather retreated than further 
Wafted the ground. Seeing therefore, from the gradual wafting of the whole coaft, tliat 
nothing could be a permanent defence to this building but what would .defend it as an 
ifland, after the fea had taken the land away round about it, and as tliis could not be 

done 
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done but at the expence of fome thoufand pounds, a much greater expence than what 
would ered a new building, .1 therefore advifed, as the cheapeft defence that could be 
made, fo as to ghre it the beft chance for a time, to rebuild the circular wall, founding 
it as deep as we were able at a moderate expence, and fetting it upon piles, and fur< 
rounding the wall alfo with a dope of HazlecUff^My and, as a dernier refort, to ereft the 
large temporary light machine in the line of the two buildings, 30 yards from the center 
of the fmaller light-houfe more inland, and to repair and Ht up the fame ready for light- 
ing, at two hours warning, fo that in cafe any fudden or violent ftorm Ihould render the 
houfe unfit for fcrvice, recourfc could immediately be had to the machine light to con- 
tinue the duty, ail which was executed in the courfe of the following fummer. 

The beginning of die year 1777 t^re happened another violent ftorm at N. E. which 
the work fuftatned without any other derangement than that a part of the Hazlicl^ ftones 
laid on the outfide of the wall was difperfed j therefore, after feeing the effefts of this ftorm, 
I left it as my laft advice, that “ as ftorms of this kind muft be expcfted every winter, 
there did not appear to me (though a temporary defence) any thing more likely to be 
effhftual, or to afford a better chance of faving the building for a term of years, (with- 
out going into cxpcnces that cannot with any degree of propriety be fupported, as being 
greater than the expences of the building itfelf,) than a proper application of HaTckcl^ 
ftones j I therefore recommended that for the prefent year (1777) 150 tons of HaHecliff 
ftones be got to the place ready to be applied as heretofore, that is, as it may be wanted, 
apprehending it is very poflible that after they have got into the way of ufing the ftones 
in a lefs body, and occafionally as they are wanted, that 100 tons annually might fuffice, 
that is, till an extraordinary revolution happens, for in that cafe I don’t apprehend that 
1000 tons would be effeftual.” 

At the fame time I obferved, that the high light machine being erefted upon die line, 
it can in two hours be lighted, fo that no damage can happen to the navigation by any 
failure of exhibiting proper lights ; and as the macliine is placed upon ground walls, by 
continuing diefe walls and getting the machine upon rollers, it can with great eafe be 
drawn furdicr within land, whenever the wearing away of die coaft Haall req^uire it. 


27th June, i77®* 


J. Smeatoit. 
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The REPORT of John Smbaton, Engineer, concerning the fituatioa 
of the Mills and Bleach Field at Waltham Abbey in refpeA of water. 

bleach field is at prefcnt fupplicd with water, without diverting any water 
from the mills, as follows j the ditches are filled by the water from the barge river, 
which in time of fiulhes rifes high enough to fill them, which fiuihes arc conftantly 
twice a week in the drieil feafons } the water for walking is the water that continually 
makes its way down the barge river, and in the drieft feafons, when the mills keep the 
water below the top of Sir William Wake's turnpike, the leakage thereof is found 
fufficient for the purpofe, as I am informed. 

When the navigation is diverted from its prefcnt courfe, and this turnpike rebuilt, or 
fomething in lieu thereof, to hold up the head of water for the mills, it is apprehended 
that the turnpike may then be made lb water-tight, and the leakage thereof fo fmall 
as not to change the water of the prelent barge-river with fufficient fpeed, to anfwer the 
purpofe of walking the linens j nor can the ditches be then fupplied with water as they 
now are for want of the fiulhes. 

But the ditches may be fupplied with water by a bore running continually out of the 
Waltham Abbey mill-pond, and the walking may be fupplied by a bore running ron- 
tinually (or in the day-time) from the new-conftrufted turnpike or fiood-gate j this will, 
however, fo far as it goes, be a fubtraftion from the mill’s water, but yet may be done 
fo as not to affeft the powder-mills at all, and the Abbey mills very inconfiderably ; on 
the other hand, it will be proved that both will be great gainers in point of water by the 
alteration. 

Having, with the alliftance of Mr. Yeoman, Engineer, carefully viewed, meafured, 
and calculated the quantity of water difeharged at Sir William Wake’s turnpike in 
the drieft feafons for palTing the barges, it appears to amount to confiderably more than 
1 4 * millions of cubic feet of water weekly, which, reduced to an average of the whole 
week, will amount to 14295 cubic feet per minute, fiowing continually, and which 
would fupply a bore or round hole in a plank of 23 ^ inches diameter, whofe center is 2 
feet below the furfacc of the water in the head from whence it is fupplied j this is cer- 
tainly a very great lofs of water to the mills, and which muft continue fo long as the 
navigation remsuns in its prefont ftate, the greateft f part whereof will be laved.to the 
mills jointly by the alteration. 

* The nomber comes out 14,408,875 cube ieet per week. 

t The quantity expended by the new navigatioc. will not be above ■j’j part of the prefcnt to do the bufinefi. 

Let 
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Let us now examine whit will anfwer the purpofes of the bleach-field : having com- 
puted the quantities of water taken in for the fupply of the ditches weekly, according to 
the information of the owner, I find it amounts to 140000 cube feet, that is at the rate 
of 14 cube feet per minute nearly, which will be fupplied by a hole of 2 -I inches diameter, 
running conftantly, made in a brafs or copper plate of -J- of an inch thick, and whofe 
center is placed i foot below the furface of Waltham Abbey mill-pond. 

I'lie fupply of water for wafhing, fuppofing it done in the open river, as at prefent, 
would be confiderable ; but as the width of the ftream, when barges ceafe to pafs that 
way, may, without detriment to the difeharge of the flood water, be contrafted at low 
water from 36 to 9 feet before the walhing-ftages, it will follow, that ^ of the fupply 
will produce the fame velocity of the water in the river as at prefent, and conlequently 
5 part of the leakage may fupply it •, but as the leakage of the new flood-gates may 
not be an looth part of that at prefent, and greater or Icfs according to the difierent 
Aates of repair they may be in, we will calculate what opening will fupply, fuppofing 
no leakage at all. 

The quantity necefiary, when contrafted as above, appears to be 135 cubic feet per 
minute, which will be difeharged by a hole in a brafs or copper plate of 7 inches 
diameter, the center being placed at 2 feet below the furface of a full head. 

This quantity, with the former for the ditches, makes 149 cube feet per minute; but 
the quantity expended at the turnpike by the flulhes being 1429 ^ per minute, the 
quantity requifite for the b.kach-field will be only betwixt -J- and part of the water 
expended at the turnpike for navigation. Hence it appears, that upon the whole, at 
leaft eight parts in nine of the prefent water loft to the mill by the navigation will be 
faved, and yet the bleach-field amply ferved : hence, though the whole objeft of lofs is 
trifling in proportion to the gain, yet there appears a method by which the waters gained 
may be minutely and jullly divided ; for if an additional bore be allowed the powder- 
mills, equivalent to the 7 inch bore at the turnpike, each property then will be equally 
benefited 5 for as the water of the bore taken from Waltham Abbey mill head would other- 
wife be drawn at the mill, there ought to be no equivalent to the powder-mills on that 
account. 

The account therefore will ftand thus : To avoid fradiions, I will fuppoie part of 
Che favings to go to the bleach-field, which being wholly deducted from Waltham mill, 
a 4^ part will go to die powder-mill as its full due, and a 3 ^ part to Waltham mill. 


The 
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The Waltham miller on this occafion, as ufuah may not think he has his due, becaufe 
he will not get in the very fame proportion as his neighbour; but let us examine what 
he will get, and then his right to complain will be better judged of. 

When I meafured the mill’s draught of water on Wednefday the 13th inftant, I found 
the mill expending at the rate of 1087 cube feet of water per minute, and, as the miller 
faid, was capable with that water of grinding and finifhing about 4 bufhels of Avheat per 
hour; and he further faid, that in Ihort water times he frequently had not the average of 
that water to go conftant for the whole 24 hours ; the quantity faved will therefore be as 
follows : 

The average of water expended by the navigation per minute being 1429 1 ' 
cube feet, and the half of this being fuppofed due to Sir William Wake, Ft. 
will be - - - - - - - 

From this deduft th<* whole water for tlie bleach-field, - - 149 

Saved to the miller by the alteration, befides fupplying the bleach-field, 565^ 

Which appears to be more than \ of the water that he is in dry feafons pofTefTed of, 
and fufficient to make an addition to his grinding of z bulhels an hour conftantly; ib 
that inftead of being injured, he will be greatly benefited. 

But as fume water will always leak at the turnpike, and as it is probable fprings arife lu 
the channel of the river, I apprehend a bore of 6 inches, at 2 feet under the top of the 
turnpike, will be a fufficient fupply for the wafhing, and the equivalent will be moft 
properly adjufted either by applying a new opening, or by widening the prefent one. at 
the loweft orifice belonging to the powder mills. The fize or widening of the prefent 
opening, if that method of adjuftment is approved of^ 1 lhall be ready to compute. 

London, May 16, 1767. J. Smeatok. 

N. B. The computation of 135 cube feet for the bleach-field walking, is computed 
Upon a fuppofidon of the waters moving 10 feet per minute in a chanpel of 9 feet wide, 
and at an average of 18 inches deep. 
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REPORT on Waltham Abbey Powder Mills, refpe£ling navigation on the 

river Lea, 

whofe names are underwritten, having, the 27th of February, 1771, infpefted 
the powder-mills of Waltham Abbey ^ belonging to Bouchier Walton, Efqj 
as alfo the fcveral works of navigation from Rammy MeadlocV. to King's Weiry upon the 
river Leay in order to examine how far the faid mills are, or may be, afre<^ed by the 
faid navigation works, ace of opinion as follows. 

id. That the faid mills are conHderably affcflcd in their going when the water is 
held up by the new ftop, called Waltham ftop, fo as to make more than 3 feet, which 
is efleemed navigable water, upon the threfliold pf the lower gates of Waltham lock. 

2d. That the faid mills are affefted, though in a left degree, even when there is j- 
feet, and not more, of water over the lower gate thcelhold of Waltham lock, 

3d. We alfo obferve, that the faid mills are affefted by the water-courfe leading hum 
Ac faid mills to the river, being not fufficicntly clear of gravel, weeds, &c. 

4th. It appears that the laid mills become allb affefled by the palTages for the water 
at Mr. Walton's weir, cjdled die coming-engine weir,, not being fujEciently ample,, 
in confequence of the circumftance above mentioned. 

Upon the foregoing matters we propofe and recommend as follows. 

tdu That a done Ihould be firmly put down in a conlpicuous place near Waltham. 
ftop, to mark the height of 3 feet water upon the threfhold of the lower gates of 
Wakham lock, and diat the keeper of the ftop Iheuld have ftrlft orders from the Com- 
miflloners of the navigation at all times to draw the gates of that ftop, fo far as to< 
prevent the water tiling there at any times above the faid mark, unlcft requefted for 
the fake of navigation to the faid naills, or the town of Wakbam Abbiyy and- unleis ia 
time of floods, when ail the gates being drawn will not prevent it. 

2d. After Mr. Walton hM cleared the obftniAions in the water-courfes leading 
ftom his mills to the river, that what obftru^ien to the going of the mill ftill remains, 
be rejljeved by enlarging the water-way at the coming-engine weir, which we are of 
Cjpmioa wiU be done ky an additional conduit or pafiage of 10 ^ wid^ its floor to 
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be laid as low as the floor of the fud weir, and to be furnifhed with a draw-gate or 
pointing doors to pen the water occafionally, fo as to enable the barges to pafs to the 
mills as at prefentj and as this enlargement can only become neccflary by the water being 
pent at Waltham Hop too high for the powder-mills, even at 3 feet above the lower 
gate fill of the faid Waltham lock, we are of opinion that this alteration Ihould be made 
at the expence of the navigation. 

Having idfo infpe&cd Jones’s turnpike, we found it not only out of repair, but 
materially defeftive, as the gate could not be fliut down within fome inches, and there- 
by a great quantity of water fuflfered to go down the old barge river, to the detriment 
of the mills aforefaid, as well as others dependant on the faid head of water. Relpr(9;- 
ing which we are of opinion, that the faid turnpike Ihould be kept in good repair, on 
account of the faid mills, and that tlie particular defefb of not Ihutting down Ihould be 
remedied as foon as poflTible. 

We are informed, and believe it to be true, that the bargemen going down vards, 
after having paflfed the aquedud lock next King’s Weif» and taken the quantity of water 
neceflaty for pafling them through the fame, frequently draw a further quantity to keep 
diem forward, by which means an unneceflary quantity of water is brought down the 
canal, whereby the faid mills are not only detnmented by the lofs of water, but the. 
navigation kfelf; for befides impairing the banks of the canal, the current that 
helps barges going down obftru^ls thofe going up : it feems therefore neceflary that 
proper orders fhould be given to the perfon having the care of the new ftop of King’s 
Weir, or otherwife to prevent thefe abufes. 

Lmdm, March 27, 1771. J. Smsatok, 
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The REPORT of John Smeaton, Engineer, upon the ftate of the river Lea navigs* 
tion, fo far as the mills abreafl; of IP'altham Abb^ canal are aSeited thereby. 

A PRIL 3 , i779» at the defire ofBovGHiER Wal-ton, Efqj owner of the powder* 
mills zx. Waltham Abbty^ I viewed the ftate and condition of the river Zm navigation, 
from and inclufive of the lock upon the cut next below Waltham Abh^ cut or canal, up 
by the eourfe of the faid canal to King's Weiry and found the fame as follows.' 

All the locks conftrufted without walled chambers, by which means not only much 
more water is neceffarily expended at each lock for the paflage of every veflel, but the 
palfage of the veficls themfclves are proportionably retarded by taking more time to fill 
and empty. 

The head gates of all the locks within die above diftrift were fo confiderably leaky, 
againft which the water ought conftantly to^ lay, except during the time of vcffels pafling, 
that I could not eftimaie the conftant leakage at lefs than one of Mr. Walton’s mill 
ftreams, which in confequence in all dry feafons is loft amongft the three fets of mills 
abreaft of this cut, viz. Enfield mills, Waltham Abbey powder-mills, and Waltham Abbey 
corn-mills, and wJiich wafte of water alfo retards the paflage of the veflels, and which 
retardation, as well as wafte of v/ater, is alfo increafed in cafe the tail gates arc out of 
order, as I have reafon to fuppofe they are, the tail gates of the lock neai- the head of the 
cut next below Waltham Abbey cut, which, was the only lock through which. 1 faw any 
veficls pals were very much fo. 

The waftes of water above fpecified, thougli very material to the mills, arc yet very 
trifling in proportion to the wafte that will be occafioned, in cafe what 1 was informed', 
of be really the praftice, as I have reafon to believe it is, viz. tint vclTels going down 
very frequently, if not always, after the lock is emptied, andthevcDTel is let down to the 
level of the lower canal,, draw the doughs or flakers of the head gates, and leave them 
both running a full bore of water, the fame as while the lock is filling, in order to make 
a current down the cut to cafe the horfes, and help them forward upon their paflage j. 
and leave them running without returning to Ihut them, fo that, in faft they run till fomc 
other perfon has occafion to ihut them, and during this time, which is indeterminate, a 
confidcrable portion of the wholcn-iver when water is fcarce will pafa riiis way, . and be loft 
to the mills abovementioned ; it being a rule that what is loft at one lock,, will alfo be 
loft to all the reft upon the fame canal, or head of water. ' This is a praftice tliat ought 
!l»y 4 k> means to be fuftered,. as befides a damageof indetermiivate magnitude to the mills, 

it 
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k is a very great and manifed detritnehc and hindrance to dw navigation itfelf ; becaufe 
whatever fmall benefit it may be to the eafe of palTage of vefTels going down, it will be a 
greater hindrance to vcflels going up j and when it happens, as muft frequently be the 
cafe, that when any of the reaches of the canal or heads of water are drawn down from 
above, the veflels going up will be prevented navigatin ? throu^ the fame, and muft 
wait till thofe reaches are filled, by letting the water down from abov^e in the canids, or 
till fupplicd by the currency of the river Lea in the open river j vrhicli hindrances to the 
navigation itfelf very greatly furpafTcs any advantage that can be diawn from the fiafhing 
of the veflels downwards. 

Thefe evils therefore are worthy of remedy merely for the facifity of the navigation 
itfelf, but as relating to the mills, which can only have the furplufage, will be very de- 
ftrudtive in dry fcafons j and, I believe I may rake upon me to fay, very contrary to the 
idea wherewith the improvements were firft framed before the laft Aft of Farliament v is 
applied for. 

For remedy whereof, as far as regards the firft, viz. the wharfing up of the lock 
cliambers, it is very difficult to be done now in a fubft'aniial manner with brick, as it 
will occafionthe ftoppage of the navigation for the time but th y may be wharfed up 
with piles,, planks, and land ties, keeping the navigation open ; and where any of the 
locks lb far fail as to need die water to be talcen off,' they may be wharfed with brick, as, 
to be fubftantial, they fhould have been done at firft.. 

ad. As the mills arc more immediately hurt by the leakages of the lock gates, than 
the navigation, the mill owners and leflees Ihould have power to repair the leakage of 
the gates, and charge thofe repairs to the truftees of the navigation, in -cafe they do not 
do it on competent notice given by the refpeftive millersi 

3d. The praifticc of flalhing I do not fee any adequate remedy to prevent, but hj 
having a man or lock-keeper to attend each lock, by which, the mills c.m be afFe-fred,. 
with a proper hut to fkreen him from die weather 5 a«d- two-men will. be nccefliiry in cafe 
die navigation is unreftrained to all hours of the night.j which men, as they become 
neceflary by the mifapplication of die bargemen, of the proper mode and utenfils of navi- 
gation j and being alfo for the benefit of the navigation, Ihould, as it Teems to me, be- 
paid by the navigation^, ora tax lind upon-the bargemen ; but being for the fecurity of 
the millers, Ihould be cliofen or difmifled by the mill owners or leflees immediately in- 
«tcrefted. Thofe men (it bciqg made their duty fo to do) will prevent much wear and 
tear in. the ufo of the locks,, and. by attending to keep the refpeclive heads of water con- 

ftantly. 
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ilantly full, with as fitde wafte as poffible, will thereby fare much more time to the 
bargemen in the courfe of a voyage up and down, than they can polfibly gain by any 
tnifapplication the water. 

I rnuft alfo obferve that the banks in many places are too low and too weak, fb that 
when the water goes over them it cuts them down in gulUes, and this will nece0arily, 
tiurlng the continuance thereof, occafion an extraordinary wafte of water through the 
whole of fuch canals. 

I alfo viewed die old turnpike, called Sir William Wake’s turnpike, which, before 
the navigation was altered, was ufed as a pen of water, by means whereof, and through 
which the navigation pafted, but now is of no other ufe but to open in time of floods, 
and to be kept fhut at all other dmes, to pen up water for the fervice of PFaltbam Abbey 
powder-mills, and corn-mill, as heretofore, and which for that reafon fhould be kept free 
from unneceffary leakage. When I faw it, by temporary repairs, it was fufficiendy 
tight i but as it appeared to me, its main timbers and general ftate of repair and ftrength, 
wasfo much impaired that I fhould not be furprifed if the Brft great flood of the JLm fhould 
take it away, in which cafe both thefets of mills at Wabbam Abb^ would be deprived of 
their water } it therefore Teems, that though it is by law to be repaired at the navigation’s 
expence, yet being no longer neceflary thereto, it would be proper for the owners of 
thefe mills to uke the rebuilding and future repdrs upon themfelves upon a moderate 
allowance from the navigation. 

AufthorfCi April 17, 1779, 


J. SmeAtoit. 
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To the Truftees of the River Lea, 

The REPORT of John Smeaton, Engineer, refpeding the alterations 
made at Sewareyim mill, fo far as they concern the quantity of water 
taken from the river Lea, as alio the lofs failained by Be’wardjion mill 
by an alteration made at EnJUld lock in the year 17S1, 

TTAVING received no commillbn from the Truftccs of the river Lea to determine 
•*’ any thing betwixt parties, 1 take the c^portunity of reporting my t^iuion, ao a 
profcihonal nun, upon the premiies. 

On Saturday the 26th of Odiober lall I carefully viewed and examined the mill of 
Sewardjlon, as alio the prefent ftate and condition of the gage fluice called Enfield lockr 
by which water is taken to Enfield milL 

RefpeiSting Sewardflm mill, and hearing what is alledged and agreed on beth Tides, in 
point of fadt, is, that it has undergone no alteration except that of laying the floor 
the corn-mill conduit lower, and the conftruftion of the water-wheel correfp mdent 
thereto ; that the fell or threlhold over which the water ilTiies, as well as the width of t!ie 
gate, remains the fame j this alteration, therefore^ I am of opinion, will have the efFedt- 
of grinding more corn with the fame quantity of water, but not of requiring more 
water to grind the fame quantity of corn, and to the height to which a miller may life 
his gate or ihuttle, I can conceive he can be under no reftriftiom 

The mill being tried in my prefence, with a full head of water,^ it appeared to dif> 
patch, u the rate of upwards of 100 quarters of wheat per week.. 

1 allb took, an admeafurement of the quantity of water ufed while working at the rate 
abovementioned. 

I examined the prefent fliateof E^.^lock, being- now. rcfforcd. to its former ftate be- 
fore tlie alteration,, and. to. the fatisfadlion of Mr. Whisljsii and comparing this with a. 
model produced by Mr. Whisler,. and afterwards authenticated by Mr. Nic hulls, 
as carefully made him from nieafures taken at the time when the water was diverted. 
wa ttfield cut, in favouKof the navigatioiv in greater proportion than formerly ; 1 fay». 
OMnparing this model with the ftate of the lock as 1 found it, it appears to me, thattiiere. 
VQuld gp. .uto f.nfi«UL cotor, null qver at that tiooc cenfidesably more water (over and: 

above 
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above what ought to have gone through the proper gage) than was taken by Sewardjion 
mill to grind above lOo quarters per week* as above fpecifiecL 

But as at the time of the complaint the waters ran fo Ihort that it was impoffiblc to 
have kept up his mill-head to the height 1 faw it, and therefore could not have ground 
the f..me quantity of corn with the fame quantity of water, Mr. Whisler lays his ac- 
count in his ability of only difpacching 50 quarters per week had the water been un- 
dlflurbed ■, but reduced in the manner it appears to have been, he aAually difpatched 
but 20 quarters per week, thereby lofing bond fide 30 quarters per week of what he triight, 
and would have done, agreeable to what he has dated in his cafe of the 14th of Fe- 
bruary lad, addreded to the Trudees of die river Lea. 

As therefore it does not appear to me that Mr. Whisier has made any alteration 
that c nabies him to take more water than he is entitled to ; and as there does not appear 
any thing that fhall checque, fo as to reduce the quantity of grinding lod per week, but 
rather that from the above circumdances Mr. Whisler’s datement of 30 quarters per 
Week ajipears probable and well founded, ■ I therefore fee notiung that ought to hinder 
the admilJion of that quantity lod per week. 

The whole length of time dated in Mr. Whisler’s cafe of 12 weeks and 5 days I 
don’t find controverted, which he reduces a fortnight on account of the time the gages 
were Ihut down for cleanfmg the navigation ; but as during this time he would have the 
whole water of the river Lr«, he would be enabled to maintain a full head, notwithdanding 
the drinels of the fcafon ; and therefore in that fortnight could difpatch above 200 quar- 
ters, that ir, above 100 quarters rr oic than the ordinary rate for a dry feafon if the water 
had been divided betwixt Enfield mill and himfelf, as ufual. This 100 quarters will 
therefore coinpenfate the lofs of 30 quarters per week for three weeks and two days, 
which, applied as a further f -t off, will reduce the whole time that the lofs of grinding 
continued, to feven weeks and three days. 

Refpe< 5 ling the rate at which he charges the lofs of grinding, viz. 9/. per week upoor 
30 quarters,* that is, at the rate of 6 s. per quarter, or of 30 j. per load, a price that I 
apprehend to be very far beyond the ordinary accudomed price of grinding in that dif- 
tridl of country. 

This is not to be doubted, tliat about the time of die hindrance mentioned, there never- 
wa; known in man's memory fo great and long-continued a drought, and therefore all^ 
mills SbioK foort ^ water, there would be » great want of taoA «t the Ijtndmxaa.i^» 

and 
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and thofe who ground their own corn (as it is alledgcd Mr, Whislei docs) and could 
get it to market, would doubtlefs get extraordinary profits ; but as on this head no evi- 
dence was laid before me, and it being a mere matter of traffic no ways determinable 
by rules of engineery, I muft of neccflity refer this point entirely to the Truftees, to 
fatisfy themfelves by fuch evidence of the faft at the time, as fhall further occur, or be 
laid before them. 

It has been obferved to me, that the mouth of the mill-ftream of Sewardjion mill has 
been widened, contrary to a claufe in the Aft of Parliament, which allows that every 
part may be made wide enough for navigation to Setvardjion mill, which widening, on 
the other hand, has been denied as to the mouth \ I can therefore only fay, it is of little 
confequcnce to the navigation of the river if wide enough at the mouth for a barge, and 
diere is no reftraint as to the depth. This reftriftion as to the mouth feems to have been 
introduced as a fecurity to Enfield mill, that drawing from one common pond above En- 
field lock, Sewardfton mill Ihould not get more than its (hare. 

Aufihorpe^ November 12, 1782. J. Smeaton, 
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To the Truftees of the river Lea, 

The REPORT of John Smeaton, Engineer, refpcfting the lofs of 
grinding fuftained at Tottenham mills by the leakage of the lock gates, 
from the year 1778, till April, 1781. 

TTAVING received no commifllon from the Truftees of the river Lea to detcr- 
mine any thing betwixt parties, I take the opportunity of reporting my opinion, 
as a profelHonal man, upon the fubjeft before me. 

Being favoured by Mr. Wyburd with the ftate of his demand upon the Truftees 
of the river Lea, I find it confiding of various articles ; but fo far as my judgment 
may be fuppofed to be of ufc upon the fame, it muft be in thofe articles containing a 
charge for lofs of grinding at thofe mills during a term, from the year 1778, to the ad of 
April, 1781, occafioned by a needlefs lofs of water, arifing from the difrepair of To/- 
tenham lock during that time. 

In this account Mr< Wyburd particularly ftates the lofs from the 30th of Oftober, 

1780, to the ad of April, 1781, according to notice given to the Truftees of the 
lofs he then fuppofed himfelf to be fuftaining, viz. at the rate of 5/. ioj. per week. 

The whole time intervening being aa weeks, from this he dedufts 7 weeks that he 
was fully fupplied with water, there then remains 1 5 weeks, wherein water was loft in 
that period, which, charged as above, amounts to 8 a/. 10 s. 

No evidence was adduced to invalidate Mr, Wyburd’s charge refpefting the length 
of time as above { and it was very fatisfaflurily proved, diat not only during that par- 
ticular period, but for two years before, the lock-gates and ftakers had been ex- 
ceedingly leaky, and out of repair, and alfo had been mifufed, and great quantities 
of water expended to ftalh boats over a fiioal, that had remain^ in the tail of the cut 
ever fince its firft being opened, till deepened 20 inches by Mr. Glynn, in April, 

1781. 

Mr. Wyburd being defired to exhibit ibme teflimony, whereby it might appear that 
his charge of 5/. ioj. per week was properly founded, Mr. Bass, his preiirnfi PiiH- 
nrriglTt and foreman, alledged, that it was the general opinion of himfirlf and millers, 

that 
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that the leakage of the lock-gates was as much as would drive one pair of (tones. In 
further teftimony Mr. Wyburd produced a paper, faid to be extracted from his books, 
at the delire of one of the Commiifioncrs, by which, comparing what the mills had 
done for 12 weeks after the 20th of June, 1780, with what they did in the fame period 
fucceeding the 20th of June, 1781, after the lock had been repaired, he finds they did 
more by 30^ quarters per week in the latter year than the former, though it muft be 
acknowledged the year 1781 was a dryer year than the year 1780. 

He dates, that in 12 dimmer weeks, 1780, they ground 1029 quarters 
average, per week, - - - 85:'; 

Ditto, - - 1781, 1395 - ii6| 

Difference loft is (^* 30 i- 

Upon which (as a faft) Mr. WrauRO reafbns thus: if, when we ground 85 quarters 
per week we loft 30, in grinding double that quantity they muft have a double lofs, 
and in a triple quantity a triple lofs, and fo on till they came to five times as much ; fo 
that when their grinding amounts to 5 times 85, or 425 quarters per week, their lofs 
amounts to 5 times 30, or 150 quarters. 

The different grindings being therefore averaged dius : 

1 85 loft 30 

2 170 60 

3 255 90 

4 340 120 

5 times 425 150 

divide by 5 ) 450 ( 90 quarters per week will therefore be the average lofs, 
amounting to 18 loads, which, at ys. ^d, per load, amounts to 6/. to.'. 6 d. per 
week. 

Now Mr. Wyburd, in reafoning upon the fa£t above dated, takes it for granted, 
that becaufe a greater head of water which enables them to grind were corn, produces 
alfo more leakage, he fuppofes them proportionable, fo that when they can gfind five 
times as much corn, there is five times tlw leakage •, but this is a very evident miftake, 
for if with a 6 feet head, and fuitable follow of water, they grind 425 quarters, the 
leakage through the fame apertures, will only, incrcafe beyond what it would be at the 
ordinary fummers head of 4 feet 4 inches by 4. part of the whole, fo that if, upon grind- 
ing 85 quarters, they lofe 30, upon 425 they will only lofe 3d, and the average lofs 
will not exceed ^3 tyiarters per yreek, that is, 6 loads 3 quarters. 

P p 2 
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'Mr. Wvbcrd’s mode of reafoning upon the fubjcft, he feems himfelf apprchenfive, if 
purfued to its extremity, was leading him into an incongniiCff for, fays he, when we 
grind 500 quarters per week, we don’t mind the lofs of water fo much,” that is, though 
when grinding 425 they were reckoning themfelves to lofe, and ought to be paid for 
150 quarters, amounting, at the above rate, to 10/. 17 j. f>d. per week; yet, when 
they could do 7 5 quarters more, and, according to the fame fcale, would lofe the grind- 
ing of 26^ quarters in addition, their lofs would not then be worth minding. 

a 

That the lofs of 33 quarters per week cannot be far from the truth, will appear by 
examining fuch collateral circumflances as have occurred. 

According to the tefrimony of MelTrs, Berner and Togers, and alfo of James 
French, who aflilted them in examining the gates in quellion, by defire of the Truf- 
tecs, (which they did the 24th of March, 1781) the whole value of the feveral open- 
ings, according to their eftimation, and the water difeharged thereby, compared .with 
the quantity requifitc to grind a given quantity of corn, (as deduced from an experi- 
ment made by myfclf upon this mill) could not amount to more than one quarter per 
day J but as the gates were doubtlefs then as carefully fhut-to as the circumftances of 
their difrepair would admit of, which could not in general be the cafe when handled by 
bargemen, nor would tliey, from the fame circumftances of difrepair, always Ihut 
alike, I look upon this experiment as made in their extream degree of tightnefs. 

Again, it has been fully afeertained and agreed, that during this ftate of difrepair of 
the gates, that the lock would fometimes be 15 minutes in filling, and that it was 
frequently necclTary to draw the head -gates open by the tracking horfe, fometimes be- 
ing done by fimply drawing them open, and fometimes by the ufe of a block ; and 
that at fuch times, according to the opinior of William Bannister, who pre- 
ceded William Bass as foremanat thefe mills, the water of the lock has not le- 
velled by about 4 inches : he fpeaks of this, however, by eftimation of the eye, not 
having ever actually meafured it. 

The tail-gates are alfo agreed to have been more leaky than the head-gates ; had the 
tail-gates therefore been no more leaky than the head-gat ^s^^. we may well Aippofo that 3 
inches dilFerenoe would have been fufficient to have brought as much water through the 
open flakers of the upper gates; as would have fupplied their own leakage. 

Now die quantity water that would be vended by the two upper flakers upon a 
difierence of 3 inches want of level, will be a given quantity, and wUl be equivalent 

to 
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ISO the leakage of the upper gates at riiefe times, and this checked with Ae quantity ot 
water ufed for grinding a ^ven quantity of corn, as before-mentioned, will amount to 
Ae grinding of 9 quarters- per day : but as it was not neceflary for the gates to have 
been always drawn open in this way, this appears to me to have been Ae extreme lofs 
the other way, it is Aerefore fair to check the refult obtained Ais way wiA what arifes 
from the experiment of Meff. Berner and Rogers, viz. Qw. per day. 

When Ae gates were fo leaky as not to level within 3 inches, lofs 

tight aa per MelT. Berner and Rogers, to lofe but 


Q 

y 2 


Sum 

Half will be Ae mean 




Si 


So that the average lofs Aus obtained will be 5^ quarters per day, or 36^ per week, 
which call 37. 

And again, if -vc check Ae average refult obtained from Mr. Wyburd’s experi- 
ment, viz. - - - ~ 33 quarters per week, 

Againft Ae average refult laft collefted - - 37 

- Sum 70 

Average of Ae averages 35, that is 7 loads, 
which at Mr. Wyburd’s prices, ftated atjs , ^d. per load, is 2/. to/, ^d. per week, 
and which, in my eftimation, will be fo near Ae matter as not materially to injure eiAer 
party. 

{,.1 lOj. gd, per week, then, for 15 weeks is ^.38 is. ^d. 

The idea of Ae millers, that Aey were loling as much water at Ac lock as would work 
a pair of ftones, 1 mud: in Ais place obferve I can have no reliance upon ; had it palTed 
through an oriBce in one collefled opening Aey might have had Ibme comparative no- 
tion, but when cafeaded in many different directions Arough Ac crevices of lock-gates 
Ae beft judge of Acfe matters would be liable to be greatly deceived, and from Ae mag- 
nitude of Ae appearance, judge it much more than it really was, and in Ais manner their 
idea of lofs would be magnified from firft to laft. 

RefpeCting, Aerefore, the charge of £.200 for two years preceding Ae 30th of Oc- 
tober, 1780, no particular evidence was ofiered upon it, but Ae general one, Aat during 
all Ais period the lock-gates and (lakers were greatly out of order; yet, fince it appears 
Aat at three different times Aey were repaired, it b impolfible to judge now what degree 

of 
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of lofs Mr. Wybvro might fuficr during that period} but if his own comparative 
idea of the matter be taken, viz. that while he was fufiering 5/. tor. per week in the 
period Ipecified between the 30th of Odober, 1780, to the id of April, 1781, he was 
fuffering at the rate of 100/. per annum for the two preceding years, then the yearly 
allowance muft be reduced in the fame proporiion as the weekly. 

s. d. 

That is as 5/. loj. is to il. lor. ^d. fo is 200/. to 92 5 5 
Which, together with what was before afcertained, 38 i 3 

Total for lofs of water 130 6 8 

With which I am convinced Mr. Wtburd will be fully recompenfed for whatever lofs. 
he has in leality fuftained. 

I will only add that I would have it underftood, that I have fupporred Mr. W y Bran’s 
claim of reparation of injury to an individual as much as I can with juftice to the 
T ruftees as a public body } at the fame time adverting, that as in the nature of the ufe 
thereof lock-gates cannot be made or kept perfeAly tight for any length of time toge- 
ther, that a reafonable degree of leakage can be claimed by the Truftees as their right, 
by the fame rule as they can take water for the lockage of the vcflels, the mill eftates 
upon this river being greatly benefited by the alteration of the mode of navigation from 
that of wears and fiaihes to that of cifiern-locks. 

J. Smeaton. 

ytiifthcrpe, November 12, 1782. 
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St. IVE’s harbour. 

The REPORT of John Smeaton, Engineer, concerning' the 
pradicability of making the harbour of Sf. Ive's fafe for fliips in 
all winds. 

^T^HE bay of St. Ive's lays about five leagues to the north eaft of Cape Ct/mvodly and 
is the firft harbour of any confequence after the entry of the north channel i it 
lays nearly oppofite to Mount's upon the entry of the Britijh channel ; and as there 
is a great fcarcity of harbours on the north fide of Cornwall, it becomes of confequence 
from its fituation, not only to Ihips trading through the north channel, but to fuch ihips 
as homeward bound from long voyages, by hazy weather, or other accidents which often 
happen, get into the north channel, when they intended to make the foqth. 

For thefe purpofes the bay of St. Ive's is happily fituated, and is fufficiently capacious, 
it being near four miles in width and above two miles in depth, having in general, and^ 
efpecially near the middle, full 10 fathoms at low water, with a clean bottom, being alto- 
gether a white fand, compofed almofl: wholly of the fmall fragments of fea. (hells, Ib^ 
that having very little of what is gritty in its compolition, and die particles being 
rounded by the motion of the fea, is fo foft and fmooth as not to hurt the cables of 
fuch velTels as anchor therein and as underneath the fand there appears to be a blue 
clay (it being frequently brought up upon the flukes of the anchors) is very good hold- 
ing ground, the anchors being never known to drag when drawing towards the land, 
as the ground that way gently rifes, and in the contrary direflion, as the wind blows from 
the landward, the fea will necelTarily be fmooth, or if driven out to fea can be of no ill 
confequence, as the palTagc is fufficiently open, with fea room enough. 

At the north-weft corner of the bay a bold rocky promontory, called the IJland, is 
joined by a narrow heck to the main land, and proj^ing cqnfiderably forwards towards 
the eaft, forms a natural hatbour on thfe north-weft fide of the bay, and defended from all^ 
winds except the north-eaftcrly. ... 

This interior bay forms the harbour of St. Ive's, and is for the moft part left dry at 
low. fpring tides 1 ibut on account of the fine foft fand befbre mentioned, that Univerfally 
lines the bottom of the whole bay, affords a foft eafy bed for (hips to lay upon when 
left dry by the tides } “ and fijr ' fuch (hips /as" have hot occafioh, cann' 6 t, or phufenotto. 
come ypon ground, here is an ''cxcelltnt road where (hips of any burthen may ride, fafe 

from 
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fi'om all north-wefterly, wefterly, routh>wefl:erly, foutherly, and fouth-eafterly winds, in 
fix and feven fathoms water, at low water fpring tides, as appears by infpeftion of the 
draught of the harbour accompanying this report, where at dg. 6 . velTels may ride in 
fix fathoms, die point of the ifland called the lamp rock being <^n with the Meran 
point, and bearing N. by the compafs, (as all the bearings herein after mentioned were 
taken) the Meran point diftant fcarce a quarter of a mile. At 7 there is in like 
manner (even ^thorns, the lamp rock bearing N. by W. and at flg. 9. nine fathoms, 
the lamp rock bearing N. N. W. ^ W. from all which places the church tower bears 
nearly the fame, viz. W. ^ N. and at the ifland of Codrevy £. by N. diflant about 3^ 
miles i but veflels are by no means confined to thefe places, the water growing regu- 
larly and uniformly deeper towards the middle, where the general depth is ten fathoms, 
but thele are the marks which fliips bring up by, who ufe the road, in order to be as 
much fheltered as poflible. 

From the fleetdi of the bay it appears, that the rocks mentioned to be without Codrevy 
ifland, together with St, Agnes and ^revonje Pointf ftretch north as far as N. E. by £. fo 
that it appears that the road docs not lie quite open except from the north to N. E. byE. 
thefe winds are not however dangerous on this coafl, as they blow almofl riglit out of 
the channel » yet it is delirable, for the fake of luch veflels as come in here for flielter 
from the N. W. and wcftcrly winds, or to prevent being driven back to Milford Haven • 
when outward bound, or towards the Seilly IJlands when homeward bound, and catched 
with contrary winds ; I fay for whatever caufe it may have been advifeable or neceflary 
to come into this road, it is certainly very defirable that they Ihould have a place of 
refuge in cafe they are catched with a hard gale of wind from N. E. while riding there ; 
for to avoid this pofllbility, many Ihips are prevented from making ufe of the Ihelter 
the place naturally affords, and by that meuis meet with an unhappy fate, that might 
have been very fafe in die road at St. Jve’s, of which there are many examples. 

Conformable to this idea, the ifland beforemendoned ftretches away finely to the eaft- 
ward, and the caflle point aims very naturally towards the ibuth, but does not ftretch 
away far enough to the Ibuth to make a fufficient cover for Ihips laying aground within 
the fame from the fwell that is brought round the points when the wind is at N. £. or 
N.E.byN. for this purpofe it fbemsnequifite that the caftle point fliould be lengthened by 
art, which, if done in a proper degree, will afford a (belter for above 60 foil of (hips from 
ail winds i and to this deligo occurs the following natural and confiderable advantages. 

• is leagves to N. N. K, and tboi^ an excellent natuial harbour when in Jtj yet its 

^entrance is 6td m be with dilpculcy diftingoilhei in hazy and dark weather* 

ift. There 



C *97 '] 

ift. THcre'is 4 great flow of tide, the Ipring tides in general rite and fall flOm 20 to 
24 feet } extraordinary great fj^ring iiow 26 feet from low water, the fmallefl at leaft 
1 8, which’ leaft flow, leaving at leaft 3 feet of water upon the land at low water at and 
within the greateft part of the fpace included between the caftle and PeKoIvsr Points, it 
follows that there will be never lefs than 2 1 feet water at fpring tides. A neap tide rifes 
from 14 to 16 feet, and never lefs than 1 1, but as there will be at lead 7 feet water left 
upon the fand'at low water, it in like manner follows there will fcldom be lefs than 20 
feet water at high water round the pier head, and never lefs than iH. 

2d. It is obferved tiiat on the weft fide of the bay, wdiere the road of .‘V. Jvc''s is 
fituated, that for three hours flood from low water, the water runs into the bay in a 
direftion N. by E. and after that, though the water continues rifing three hours more, 
yet the fet of the current changes to the contrary direflion, fo that the current fees out of 
the bay on this fide nine hours, and into it only three; from hence arifes tiiis advant.ige, 
that if a veflTel is too hard prclTed in the road with wind at any point lrv)iri N. toE. N. E. 
flic can flip her cable, and fail within the pier whenever there is water, as well before as 
at or after high water ; this fet of the tide naturally tending to cany her th’ther, as alfo 
if outward bound flie can go out at half flood, and fave half her tide up channel. 

\ 

In fiiort, every circumftance feems to invite the compleating this harbour for the fafety 
of fliips where nature has been fo bountiful, nor do I fee but one untoward circumftance 
to hinder its perfedlion, or annoy the fame j and that arifes from the great quantity of 
fand, of the fpecies before mentioned, that is brought by the fea into that bay, whieh is 
formed by the ifland on the north fide of the town : this fand being thrown up by fpring 
tides becoming dry, and being of a light nature, is blown by the wind over the neck 
that joins the Peninfula to tlie main land into the harbour, and comes in fuch quantities 
as fometimes almoft to bury die houfes that ftand on that part of the neck. There is no 
appearance however that this fand increafes in the harbour, or ftays there beyond a cer- 
tain degree, which is fomewhat variable according to the winds and tides ; from hence 
it is walked into the bay, and from thence part will be carried out to fea again by the 
reflux of the tides, and part in time croffing the bay by circulation, it is blown and 
heaped up in immenfe quantities on the S. E. fide of the bay, and in and about the 
mouth of the Hale river at the bottom of the bay, which is now barred till about half 
tide, and would entirely be choaked up thereby if not kept open by the great land floods. 
So that upon the whole there is no appearance of the harbour or road being any other- 
wife than they now ^re in rnany ages, fuppofing all the follds to continue as they now 
are j but it may be rfeafonably fexpefted, on the creJlion of a pier from the caftle point, 
that a part of the fand that is blown over the neck into the harbour, and from thence 
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now wailied away again> may be intercepted by a pier, and there retained $ and un> 
doubtedly this in Tome degree muft happen, yet with the precautions that 1 lhall men- 
tion, and the provifions that 1 fhall recommend, I am of opinion diat the benefit to be ex- 
pelled from a pier ought not to be fufpended on account of the inconvemence that may 
be apprehended from the fands. 

In the firft place, I would not recommend to carry out the pier further than is neceflary 
to Ihclter fuch a number of fhips as may probably require to lay in this harbour together i 
this I apprehend will be done with the length I proppfe, which is 6o fadioms. 

2d. Had it not been on account of the fands, I fhould not only have propofed to 
carry the pier out further, but to have turned it more inward like the old pier; but this 
would in a greater degree have prevented the fands from walhing out^ nor can it be 
turned more outwards without laying the harbour too open, andexpofingthe pier to the 
diret^l ihock of the feas. 

It is probable that, notwithftanding thele precautions, the fands will be lodged higher 
on the infide of the pier than on the outfide, as may be feen in the old pier, but yet like 
thofc, thefe V ill nc\ er increafe beyond a certain degree, and as there will fcarcely ever 
be lefs than 20 feet at high water at the pier head, fome increafe may be admitted with- 
out lofing the expefled benefit : tliis is exemplified at Scarborough ^ where a conliderable 
quantity of fand is lodged within the pier, yet the utility of the pier, which has been the 
work of many years, and many thoufand pounds, cannot be denied. 

To diminifh the quantity of fand that now comes over the neck, in cafe it is found to 
annoy the harbour, 1 would propofc to build a wall 25 or 30 feet high, fupported by 
proper buttrelTes, in the direflion ABC, by which means the current of fand will be 
dircdled fo as to go over the low part of the ifiand north of the battery on the Caftle 
Point, and be carried into the fca at the little cove between the Cafile Point and the bat- 
tery upon Mcratt Point, and thereby totally avoid the harbour. 

I would -alfo reepmmend the planting of the fea rulhes which are found to entangle 
the fand, and thereby in great meafure prevent its blowing, fo that it would be retained ' 
in the north bay, where it arifes, and increafe the breadth of the neck of land that joins 
the ifiand to the main land. ** 

Thefe things being duly attended to, I am of opinion that the harbour may be kept 
in a ^at raeafure, if not altogether, clear of fand, and if any remains it, may be driven 

nut 
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out to fca by conftru^ling a fcfervoir to take in the tide water, in order to make a fcower 
at low water. 

With refpeft to the conftruAion of the pier, that will in a great meafure depend upon 
the ground whereon it is to be founded; the immediate bottom where the pier is pro- 
pofed, is entirely fand, fuch as has been already deferibed, and is to an unknown depth ; 
1 endeavoured to perforate the fame by a proper inftrument, but there being 3 feet water 
over the fand at low water, though fpring tide when I was there, it was impra£ticable 
to make fo fatisfaftory a trial as might have been done had the fand been left dry. 
However, this far appears, that at a little depth under the furface, it lays fo clofe and 
compaft that it was with difEculty that a fharp inftrument could be got down 3 feet into 
the fame. It is luppofed that at fome depth underneath there is a rock or clay, and it 
is probable that the rocks which compofe die Cajlle Point may reach under the fand to a 
greater extent than they appear above the furface, but it feems very unrertain whether 
any rock can be met v/ith whereon to found the pier, the whole, or any conhdcrable part 
of the length. I therefore in the following eftimatc fuppofe that there cannot ; and 
therefore propofc to build the pier without any piles or wood-work, upon the principle 
which the French call Pierre perdue, or call (tones ; that is to fay, to drop a large quan- 
tity ot rough (tones in a proper dire£Lion and width, fo as to form an artificial rock 'or 
bafe for the pier ; thefe (tones will by degrees fink into the fand, and being followed by 
others, thefe will reft upon die former, and fo on till the firft or lowed part becomes at 
rc(t ; for the fand laying very clofe and compact underneath, will bear any weight when 
not affected by the adion of the fea. 

In this method a much greater quantity of (tone will be needed than if the pier was 
built upon a regular bafe ; but the whole of the bafe being of rough (tones, the more 
irregular the better, of which great plenty may be got from the neighbouring rocks ; as 
the whole will be done without timber work, and a large quantity of rough (tones that 
would be needed to defend the timber work will be avoided, or rather compofe a pa rt 
of, and be included in the propofed fcheme, it will upon the whole not only be much 
cheaper, but when well fettled, more fecure than any thing can be made upon a founda> 
tion of piles and timber upon the fand. 

Upon thefe principles I propofe to^aife the pier to half tide, or even to the top, ac- 
cording as the materials arc found to turn-out ; the principal ufe of this pier being a 
breakwater, or defence againft the fea, the uprightnefs or lining of the infide for the 
purpofes of a quay arc Icfs material nor is it probable that it can be ufed for this pur- 
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fiftfifj «i the fprcadmgf of the iireguUr ftones at the bottom will prevent veffels from lay- 
ing clofe home to the pier. 

Having carefully viewed the feveral places from whence ftones are likely to be got, 
and conferred with Mr. Richardson, mafon, who afTiftcd me in this furvey, upon the 
probable expcnce of winning, moving, and placing the fame in order, I have accord- 
ingly formed an eftimate of the probable expence, as follows. 


ESTIMATE for building a Pier in the harbour of St. he's of 6o fathoms in length, 
according to the plan and fketch accompanying the fame. 

The higheft fjiring tides being 26 feet above the furface of the fand, the pier ftiould 
be carried up folid at lead 30 feet above the fame, and fuppofing the whole to fettle into 
the fand 6 feet, the whole height will be 36 feet, and admitting the fides to batter half 
the height of the pier on each fide, and to be 24 feet broad at top, the baft* will be 60 
feet, and the mean breadth 42 feet, or 14 yards j this multiplied by the height, 12 yards, 
produces an area or fedion of 168 yards in each yard running. 

It is fiippofed that a pier built in the manner propofed with a parapet, regularly walled 
with Abertbaw lime, will be done at the price of 6 s. 6 d. per cube yard ; but as the quan- 
tity of fettlcment into the fand is not quite certain, with other contingencies fufficiently 
to allow for thofe, I eftimate the wrhole at 7 j. 6 d. per cube yard, and this for 168 yards 
fc6lion, come to 63/. per yard running. 

if- A /. 

To carrying out the pier 1*0 yards, at 63/. - - . . 7560 0 o 

The parapet to be 9 feet high, 7 feet bafe, and 3 feet top, the mean thicknefs will be 5 feet, 
and contain 5 yards feition, which, at yr. 6 J. per yard cubic, is i/. ijs. 6 d. per yard 
running, and which for 120 yrds is, - . . - 2 2$ 00 

To extra work in hnilhing the pier head, cramps, iron, and lead, _ ' . . 200 o o 


£• 7985 0 o 


dtifiborpe, O^ber 25, 17^* 


J. Smeaton. 
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TOPCLIFF MILL. 

The REPORT of John Smeaton, Engineer, upon the Prafticability 
of removing Mills, Torkjhire^ to jijfenby Stream, below Top~ 

clij^’ Bridge, confiftent with the propofed navigation of the river 
Swale. 

T TAVING viewed the fituation of AJJenly ftream, as alfo the prefent fituation of 

'*■ Topcliff nhlh, I am of opinion as follows : 

ift. That exclufive of the dam, which is totally ruined, the mill appears to be. in 
oad lepair, and built upon fo bad a principle for doing buHnels, as to be incapable of 
any confiderable improvement, without intircly rebuilding. 

2d. That the fituation of AJfaiby ftream is preferable to the prefent one, as there 
may be a better fall. 

3d. That fuppofing the mill and dam to be entirely rebuilt, the only difference, in 
point of expence, in the prefent fituation, or at AJfenby ftream, will be in the carriage 
of the old materials fre m the old fituation to the new one, and in digging the cut at 
the nev/ fituation, and perhaps fome additional charge about the mill ftable and out 
parts of the mill-houfe, which, in its prefent fituation, might pofTibly be faved. 

4th. That the removal of the mill and dam will be equally if not more beneficial to 
the navigatipn at AJfenhy ftream, than in its prefent fituation, becaufe it feems to me, 
that a dam ralfing the water 7 feet, or thereabouts, at AJfenby ftream, will pen the water 
up to the fame level of the prefent mill, as it has ever been penned by the dam be- 
fore it was deftroyed ; and by building a dam at AJfenby ftream, the navigation dam be- 
low needs not he raifed fo high as it otherwife muft be, in order to float die veflels over 
the flioal at AJfenby ftream in dry feafons. 

NortbaUerton, T4th March, 1767. J. Smeaton. 
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EYMOUTH HARBOUR. 

The REPORT of Jonn Smeaton, Engineer, upon the Harbour of 
Eymoutb. ^ 

^“T^HE harbour of Eymoutb lays at the corner of a bay, at which fhips can work in 
^ and out at all times of tide, or lay at an anchor fecure from all winds, except the 
northerly or north-eafterly. From this circumftance its fituation feems very advantage- 
ous ; but as the mouth of the river or harbour lies open to the northerly winds, Ihips can- 
not lay in fafety therein without going up beyond the elbow of the prefent quay, where 
the water being (hallower by feveral feet, and the breadth much contradted, the harbour 
is not only defective in point of capacity, but in fafety alfo •, for at a full fca the mouth 
being wide, the fea tumbles in with fo much impetuofity, that great feas find their way 
round the elbow, and make the veiTels even there lay not fo quiet as is to be wiflied; in 
order therefore not only to enlarge the harbour, but very greatly to increafe the fafety of 
veflels laying therein, it is propofed to build a north pier to defend the harbour’s mouth, 
and to this end nature has furnilhed a ledge of rocks, not only capable of making the 
moft excellent of all foundations for fuch a pier, but in as advantageous a fituation as 
could be wilhed, upon wliich a pier is propofed to be built according to the plans ac- 
companying this report; for, according to the direftions therein fpecified, the harbour 
will be defended from all fuch feas as annoy the bay, and the only point from whence the 
harbour could be afTedled by feas coming in through the mouth, are land-locked by the 
points of the bay; fo that the harbour will, in its whole extent, be perfcdly fafe in all 
winds. It is alfo to be noted, that the fame circumfiances that concur to make the har- 
bour fafe in all winds, afford the veffels means for getting in and out at all winds * : and 
this proceeds from the entry into the harbour laying nearly at a right angle with the di- 

• I ft. If the wind is'right a-head to veftels coming into the bay, it will ofcourfc be fmooth water, and there 
being room enough to turn, they can work in till they are near the bottom, and then fail with a fair wind right 
into the harbour. 2d. If a veil'el comes into the bay before the wind with a great fea, (he will alfo have the 
wind fair to fail into the harbour. 3d. If the wind is right a-head to her going into the harbour, (he will 
have a fair wind into the bay with fmooth water, fo that after coming to an anchor, Ihe can warp herfclf in. 
4th. In like manner a veflel that wants to go out, if the wind blows right into the bay, (he will have a fair 
wind out of the harbour, and having room in the bay, can work herfdf out to fca, unlefs it blows fo hard as 
to bring on a great fca, and if fo it vueuld be undclirable to be out at fea upon a ]ee>(hore. 5th. If the wind 
h right a-liead to a vclTel defiring to go out of the harbour, as the bay will be fmooth, (he can warp out, and 
being out, has a fair wind out of the bay. Lailly, a vclTcl going before the w ind, out of or into the hadour, 
will ^ve a fair wind out of or into the bay refpe6lively ; and a vedel going before the wind, out of or into the 
bay# will have a fiur wind out of or into the harbour refpeflively. 


reftion 
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redion into and out of the bay ; it is alfo a great advantage that here b a good 6ow of 
tide, which at fpring tides is faid to be a o feet, and there is at the loweft ebb feveral 
feet of water at low water between the propofed pier-heads, fo that there will be feldom 
lefs at neap tides than i6 or 17 feet water in the harbour, which is capable of receiving 
velleb from 300 to 400 tons, according as they are more flat br more Iharp built, and 
which afterwards can, tipon a greater flow of tide, be got into a more advantageous 
birth. 

Another advantage to the executing the propofed defign, ariles from a great quantity 
of rough rocks that lay at the north-wefterly point of the bay^ very proper for building 
the outfides of the body of the pier, the infldc of which may be done with rough ftones 
won or blafted from the neighbouring rocks to that upon which the pier is propofed to be 
built i by this means the pier may be executed at a<%ifle of expence, in proportion to 
the extent and utility of the defign ; fur the rocks that are reprefented within the in- 
tended pier will be removed and mide fmooth, fo as to procure an addition of harbour- 
room, at litde or no charge, as they will be ufed within the pier : when this b done, 
there will be an addition of harbour-room in the fpace between the elbow before-men- 
tioned and the pier-heads, capable of holding 30 Ihips of middle flze, with fufficient 
pafTage, and which in time of war will be very ufeful on this coafl:, not only for the re- 
fuge of coafters from the enemy, but in bad weather for privateers and the fmaller fized 
velTels asking ofFenfively. 

What relates to the method of the work itfelf, will be fufficiently explained by the 
plans and eftimate; I have only to remark, that I do not mean to flx the place of the 
pier to fuch precifion, as not to be, fubjeft to be fomewhat varied. 

If it is found convenient, on account of fixing the bale, to be a little more in, or a little 
more out, or the head fomewhat nearer or further from the prefent head, than fpecified in 
the plan, I expeft the furveyor to ufe hisjudgment therein. 

Alfo I don’t mean that the ground courfe of the ftones forming the bafe of the pier 
ihould be cxadkly in a right line, or the bafes cut to the fame level, or anfwerable to 
any given delineation lengthways of the pier ; all I defire is, that a bed be cut for each 
ftone declining towards the middle of the pier, as Ihewn in the plan, but they may be 
upon different levels, and a little more in or out, as beft fuits to get a firm footing 
for each particular ftone, which ftones muft be fuited in their fizes and thicknefs 
accordingly. 

In regard to the repairs of the prefent pier and quay, where it is neceflary to begin 
at the bottom, I advife to drive a row of piles 6 inches in thickneft, and clofe together, 

edge 
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edge and edge, atid the heads being conneAed by a firing piece, to let the ground 
cpurfe of ftoncs be notched upon them as was done at Coldftream Bri f'e. I’he reft of 
the quay will be defended by laying a tier of rough ftones, floped up againft it at the foot, 
but not fo as to be in the bilgeway of tlie Ihip. 

This would be ftill more effedtually done by driving a row of piles either clofe togc- 
thcr, or at moft but 9 inches diflant from one another, and at about a yard diflan.:e 
from the foot of the pier, fo as not to be in the way of the veffels, and to lay a llojie 
of rubble ftones againft the foot of the pier, between the pile heads and the wall, as 
before deferibed, obferving always to floire the rubble down ftream. I'his I think the 
beft way of fccuring the prefent quay j but as it will be altogether defended from fea- 
ward by the propofed pier, and as the laft propofed defence muft be attended with foinc 
expence and trouble, being only ^ be done at fhort intervals of the tide, I advife to cut 
the matter of repair Ihort by laying ftones only, and take a trial of this till the nortli 
pier is built. 

Aujiherpe, May a, 1767. J. Smeaton. 

ESTIMATE for Eymoutb Harbour. The expence of building a north pier. 

I'lie Jengtli of the outride, from the elbow and round the head into the flank within,’ 
is 240 foot, this multiplied by 22 feet mean height, produces 5280 feet fuper* 
ficial, and this by 5 feet mean thicknef^, produces folid - - - 26400 cube feet. 

^I'he length wiihin, from the elbow to the faid flank, is 132 feet, which multiplied 

by 22 feet high, is 2904 feet fupcrflcial, and by 3 mean Uiicknefs, gives - 8712 

Toti'l folidity of the firft ft retch next tlie head, 35**2 

It is ftiid, that fuch works as are reprefented in the infide can be brought from the rocks and 
laid in place at 6//. per foot, but as 1 underhand this of the loofc r< cks already quarried, 
and as the quantity fo produced may be Ihort of the whole, and the quarrying is fuppofed 
to eoft 2^. per foot extra, therefore, to make a fuflicient allowance, 1 make y^, per foot 
on the whole : the ouifide, the wcrkmanlhip will be more rough, but the ftufF being fup- 
pofed larger, and worfc to place and handle, I reckon on that alfo '/</. per foot, 

To 351*2 cube feet of ftone in the oiufides, at 7/f. - - - - 1024 

The whole circumference being 372 feet, this multiplied by 3-J' feet mean breadtliof the bafe- 
ment courfc;, produces 1 302 feet fupcrficia], this quantity of the rock will be required to be 
cut (loping towards the middle of the pier, and being tide>work, and the rock hard, 1 allow 
To 1302 feet fuperficial of rock cutting for bafement, at - - - • 43 8 O 

The length of the above being 173 feet, the mean width 24 feet, and mean height ftet 
22 feet, the whole content, in foKd,’^ill be ’ - - - - 91344 

From which, deducing the outfides, - . - - -35112 

Remains fof (he felidity of the iufide filling 562^32 

which is equal. to 20S3 cube yards. 


Carried forwards , 1067 10 o 
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Brought ibrMixIr^ 

To 2ot3 cube yards (after ddiuaing the outfide blocks) of filfiug with rough ftones to be 

placed by handy and well packed, at 4^. per yard, • • • . 

To 17a feet length of parapet, mean thicknefs 6 feet, and 9 6et highj produces 344 yards 
fidid, which being well walled and filled with mortar, and built of free-fione rubble, I 
allow 7/. 64/. per cube yaid, -> * » • ... 

To hammer-jointing and facing both the outfides, contaimng 3268 feet foperficial, at i - 
The cordon, being 172 feet long, and af feet ia breadth, and 1 foot thick, will 
contain folid • . « . . . . 

The capping, being 174 feet long, 3 feet bioad, and i feot thick, will contain - 522 

Sam 952 

To 9(2 feet of Letmertou fEone, worked, and laid in phce, at i 

To flooring for the top of the pier, being 172 feet long, and, at an average, 6 feet broad, 
containing 1032 feet fuperfidal of the feme ftone as the outfide of the pier, at 8d. 

To ftone polls fisr mooring, •••••• 

For 173 feet of pier next to and including the head, • » . • 

The length of the pier, from the elbow to Gunfgran Pointy being 181 feet, upon a mean 
height of 13 feet, the foperfieies will be 2353 feet on each fide ; and allowing the mean 
diicknefs on the outfide 4 fiset, and the infide of feet, the mean thicknefs of bofti fides will 
be feet, and the wh^e firiid foramd thereby 15195 cube feet, at 8/. - ^ 

To 724 feet of anting the rock for the bafement couifes, which being left in the tide^s way, 
I reckon at - - - - - - 

The outfide blocks being deduded from the iblid contents, there remains for filling i046>Cttbe 
yards, which being more oat of tide’s way, 1 eftimate at 3 
To free-ftone rabble walling in the parapet, being 8 feet mean bafe, af mean top, and yf 
suoanheight, contains 264 cube yards, atyr. 64/. - • - • 

To hammer-jpinring and facing both the outfides, containing 2896 feet (bperficial» at 1 if. • 
To hewn work of Ltimirton flone in the cordon and parapet, the cmdon being z\ feet broad, 
and the parapet the fiune, and t foot thick ; this for 181 feet running contains 905 cube 
feet, atir. - - - - - - - 

To flooring (he lop of the pier between the parget and aiiler, the mean breadth being 5 feet, 
wUlconlringosfeecfitpcrficMh . . • . . 

To rough ftones to be laid in (he angle of the pier, ac^obing the land at Gunjjpnm Ptint^^ ^ 
Foi; 181 feet of pier from the elbow to the point, • • . . 

For 173 feet dim next dx^ inchiding the bead, • . • « • 

Sum 

For contingent es^nces 1 genirally altow 10 per cent, upon the whole, ^ 


N. B. Afi (He raefes mthin the pier head mil be got uiid nudk ufe of in filling die 
pier, 1 *fiip|iele dm to be includM*^ fiBuig of die |Her $ bot if Ibnder piles Aouid be 
diought neceflary widiia the pier for veilels to rub againftj the cxpencc of thofe muft 
be added. 

* All ftones in the iBIing are propofed to be put in whole, unlefs they arife of above two tons. 

Von, I. R r STONE^ 
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ST 0 NEH 0 U 5 E CREEK BRIDGE. 

IvIETHOD of conRruitioa of the Bridge over Stonehouj'e Creeks zs 
deligned by John Smea^on, Engineer. 

N the Stonehou/e fide of the bridge there appears, from the borings and foundings 

made by Mr. John Mudge, to be a good hard clay bottom, which gradually 
declines from the quay towards the middle of the creek, but whicl^ at the furtlier 
fide of the channel at low water is 20 feet deep below the mark, of low water fpring tides » 
from thence for a (pace of 250 feet, that is till within about 80 feet of the oppofite fiiore, 
the clay bottom can no more be felt with founding rods of 26 feet long, which were the 
length of tliofe made ufe of, fothat for the aforelaid fpace of 250 feet the depth of the 
mud is not known ; but from the manner in which it declines from each fide, it is not 
tmreafonable to fuppofe it to lay fomewhat like the line dotted out in the plan, but whe> 
ther this be fo or not, the depth of the mud is alTuredly lb great, that to found the whole 
upon piles would be fo very expenfive, as to render the conftruftion in that refpe£b im- 
prafricable. It is therefore propofed by removing the water-way about '50 feet nearer 
the quay than it now is (that is, the middle of the arch to be about 100 feet diftant from 
the quay) to take the advantage of the rife of the clay bottom, in order to found a couple 
of piers whereon the arch may folely depend, and to make the reft of the palTage over the 
creek by forming a rampart with rubble ftone, and quarry rubbilh caft upon the furftice 
of the mud, and heaped upon till the ftones firft caft, either ground themfelves upon the 
clay bottom, or by confotidating the mud by mixing therewith, {hall make an artificial 
foundation capable of fuftaining the incumbent weight of materials above the furface of 
the mud ; for this purpole, die piers of the arch being built fquare on the outlides next the 
ramparts, and quite upright, no fetdement of the rampart will afic£b the piers, nor will 
any of the work of the ramparts be difplaced in fetding by encountering with any pro- 
je£tion of the piers, nor will any damage enfue to any part of the work by fuch fettle- 
ment, but what may be reftored by addition at the i and as there is plenty of rubble 
to be opined on the fide next Phfmutb Doik, a confiderable part of which would have 
been nece^iuy to have been removed for the fake of forming a proper Hope for the road 
up the hill, it is expefti^ that this rampart may be formed at a moderate expence* 
The work of the rampart mayjie begun immediately ; 1 will dierefore firft deferibe the 
iqjuiner in wluch 1 would propofc to carry it on, fuliyefk neverthelels to fueh alter^dons 
as di^erence of circumftances artfing from the ppocefi of the workstlhall indicaoi. 
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I would proftofe then to at the end where die matter is to arife, bringing for> 
wards the materials in wheelbarrows or carts as fhall be found moft convenient mereljt. 
to tumble them over the creek> obferving to referve the heavied and itones for 
the outlide, the fecond bed for die bottom, and die rubbiih for the i^fdildle : 1 would 
advife to cany forward die work to its full height nearly as it advances, .by which means 
the whole will obtain its full fetdement ia the lead time. The breadth at top, and Dopes 
therefrom, being as per fe£tion, the feveral widths at the furface of the mud, will be had 
by confuldng the oucermod ground lines of the plan ; and as the work will begin from 
the (hore, die additional width to begin with, in order to allow for fetdement into the- 
mud, will be found by experience as the work goes on. 

I'hc fe^ion of the rampart fhewn in the defign being adapted to die^e near 
the middle of the prefent channel, suid fuppofing it to ground upon the clay bottom, 
there, the beginning oug^t to be 7 2 feet wide, as therein (hewn. 

When the work is advanced fome didance from the fbuth-wed fide, and the mud 
grows deep, if k is found to fwallow up a greater quantity of matter than is expe&ed^ 
it will be proper, way of m^ing a kind of bond or platform for the bafe, to dake down 
a double thicknels of difcines or faggots upon the furface of the mud> and then proceed 
to throw the dones upon it, as is reprefented ip the fe&ion 1 this will be not only a likely 
means of keeping the bafe from fpreading as it goes down, but of producing an equi- 
librium fooner, in cafe it fhould not be found to go to the bottom where the mud 
is deep. 

When the core of matter is (bund in ibme meafure to come to red, in order to get- 
die proper breadth at top, it will be neceflary to begin at the fur&ce of die mud, and 
difpofe the larger materials by hand, fo as to form the dope or batter (hewn in the lec- 
tion, which is nearly that of 4- of the perpendicular above the furface of the mud, and 
is fiippofed to be the flope of an equilateral triangle below the fame. 

With refpeft to the founding of the pier, as the deeper will be near to feet below 
the low water fpring tides, 1 apprehend' it will be (piite knpradicable to get down to the 
clay wkhout incafing } 1 therefore would propofe to encompafs a fquare area, capable 
of juft containing the bafe o£ eaph pier, wkh a fingle row of dove-tailed piles, of 4 inches 
inthicknefs, to be driven afoot or 18 inches into- the clay, more or lefs, as they are found 
to go harder eafier, and of a fufiicient height to keep out the neap tides ; that k, 
about 16 foct long> the fafcads of them to be regulated at top by ftrong pieces within, 
apd ftipported by beams acpxft, wbkh alfo be done in (me octw^ tier below,, 

R r z fhall 
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ihatt be ibun4 oeceflkry tb Aifiport die preOUte} yAikk kmtf beum mvft be made more* 
able> and taken away as the work adTancet. 

The mud betow its furfiice will render die piles water-tight, and if not found fo above, 
may eagly be niade tig^t, by throwing in fome baikets of coal alhes, clofe to the piles 
on the outfide, when the water lays agunft them. 

As I do not exped the bottom to be level, it mulb be reduced thereto by fomungone 
or more fteps, as fliall be found moft convenient, obferving to form the flat of thefteps 
rather inclining towards the hill ; and unlefs the matter happens to be fo hard, that the 
piles cannot be drove therein full i8 inches, lAeould have the ground courfe next the 
water-way of the arch, and the returns diereo^ laid at leafl t foot below the natural bed 
of clay, that the gulling of the water (which will foon carry away the foft matter down 
CO the clay) may not eafily get under the foundations of the piers. 

When the firfl pier is raifed -iiifficiently above low water mark, the piles may be 
drawn, and made ufo of in like manner for the other j suid if there appears to be the lead; 
danger of the gulling of the bottom by the water, I would advife a part of the piles, of 
which the dam has been formed, to be cut to a proper length, and placed in the groove 
already formed, fo as to be driven down, or cut off below the furface of low water ffving 
ndes ; this to be done in the foce of the piers> next the water-way, and the returns of the 
angles, but to the remaining parts of the piers it will be ufelcls. 

As this bufinefs will be tide-work, except at neap tides, it will be necelTary to procure 
one or more good chain pumps, in order that the cavity may be expeditioufly cleared 
of water ; it will be advifeable to have a couple of upright fquare pumps, of about 
8 inches, (as they will ftand in Icfs room) to keep the water out after the bulk is eva- 
cuated, and for the ftanding of which an upright groove or recefs may be formed in the 
back fide of the piers } I advifotwo, that one may be in order, while the odi^ is clean- 
ing or repairing. 

The arch, the foctQgs* cordoh, and capings, I would propofo to be of Ptrtbmd ftone,' 
die ruflic pare of the pillars of Mow flxMie, the body of the parapee over the arch of Pfy* 
mouth marble, cut aifler; the ipandrills of the arch of the fame, ekher courled Or rou^, 
as may be diought moft pM^r, and the body of the pim below the mflk may be 
aHler*d, either widi PfymoHth marble or Mow fttme, as may be thought proper on ac«* 
cOnn^of price} but if no great difference, I woaid advifo iUiMr ftone, asking iMMe 
1dndt]f M'dia ttlottar^ el|>edally where conftanUy wet. The whole of die infide core 1 

propofo 
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propoit to be of rubble from the neighbouring rocks. It will be advifeable to fet the 
whole outfide up to high water neap tides with fVatchet or Abmhaia lime, and it would, 
as Plymutb lime ts very tender in water, be alfo very advifeable that a quantity of die 
aforefaid lime was procured to mix with that of Plymouth for the inlide work to high 
water fpring tides : this is the more neceflary, as Plymouth lime and ibarble do not 
feem difpofed to form of themfelves a very compadt body, when conftantty fubjeA to 
the water. 

Not having a plan of the quay at Stonehoufe and houfing adjacent, 1 have drawn the 
bridge ftraight ; but as it may probably be found more fuitable and convenient to make 
the rampart fomewhat curved from the arch and termination upon the quay, I leave this 
to the determination of thofe concerned in the execution upon the place. 

The above is, I think, the moft material of fuch direflions as at prefent occur, and 
which I hope will be found fufficient for beginning $ if any thing is not fuiliciently ex^ 
plained, lhall be ready to do it by letter. 

J. Smeatow. 

lAindon, June 1 5, 1767. 
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LINTON DAM AND SWALE NAVIGATION. 

The REPORT of John Smeaton, Engineer, upon fundry points re- 
lative to the Linton Dam and Swale Navigation, referred to his con- 
lideration by John Smith, Engineer for the faid works; by order 
of the CommiiEoners. 

The points were the following: 

I. HETHER any, and what allowance may be made for the declivity of the 
* “ rivers Ouje and Swale in dry feafons, fo as to depend on making a depth of 
water beyond the dead level of the height of the dam. 

Anfwer. It is the practice of engineers in levellbgto allow one inch per mile for the 
lead iieniible current, and this I apprehend may be fafely allowed, but not more 1 don't 
mean that there can be no current, under an inch in a mile j but that all methods of 
levelling arc fo precarious, where fuch minute differences are concerned, that it is as 
fafe to make that allowance as to rely upon any other method to prove it,, efpecially as it 
is eafy in practice to remedy the defeA by adding a rib of wood to the crown of die 
dam, in cafe its height fliould be found de&dive by a few inches. 

ad. Whether die height of 1 1 feet above the furface of low water at Linton is nccef- 
fary for the dam there above that furface, in order to make good the water to the mark 
near MJly StaUb, which, according to his levelling, he makes to be ii feet above the 
faid low water feirfaee at Linton^ 

Anfwer. The difierence of 1 1 feet between the mark at and the low water at 

LintOKt is precifely the fame that I made it } which 1 particularly remember, having, 
exphuned is to the committee in London, how 1 came to expert to raife the water to my 
propeded height at Mdiy by a lo feoc dam at UntWy obferving that the diftance being 
eight or nine miles, according to the common allowance of an inch per mile, that would . 
make lb many inches, and the remainder would be made by the thicknels of the Iheet of 
water going over the dam. IJ^ill renaaih of opinion, that, for the lame teafens, if die 
dam at Unton, ks crown is raifed within one foot of the dead level of the propofed point 
at MtOyf that the water will rife to its mark, at leaft fo as it may be helped by a rib of 
wt^d^^^bfforeamirioacd, it being unpoiliblc to take levels wi^ abfolutr certainty for 
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fy great a diftance. It is however to be remembered^ when my plan was originally pro- 
je^ed as above> the Lifitm dam was fuppofed one undeitaking with the Urtt and being 
no more than a general defign to fhew the practicability, the utmoft accuracy was not 
wanted; .but as it may prevent anyjealoufy between the difl^rent parties interefted if the 
Linton dam is raifed within half-a toot of the dead level of the mark at Milhy^ I diink ic 
cannot fail to raife the furface of the water in its drieft feafons to its mark at Mil^. 

3d. Whether the defign prepared by Mr. Smith fi>r the dam at lAntm is a proper 
one for the purpofe. 

Anfwer. The defign exhibited is I apprehend upon the fame principles as that at 
Naburnei but with improvements ; and as that at Nabume has ftood the tcft for feveral 
years, I cannot doubt but this will do the.fame if executed with the fame care and judg- 
ment. It would feem to me to be more unexceptionable if the bafe was enlarged by 6 
feet, and the top diminilhed by 6 feet, the loweft (lep to be raifed 2 feet above low 
water, and the afcei): from thence, to the top to be divided into three equal fteps inftead 
of two. The greateft objection I have to this conftruCtion regards expence. -It is 
greatly different refpeCting the body of the dam from what I propofed, and with the 
principles of my propofed conftruCtion ; but I have acquainted Mr. Smith, where the 
reputation of an artift is concerned in the fuccefs of his works, he certainly ought to pro- 
ceed upon his own ideas, and not thofe of another. This is certain, had the navigation 
been opened before the Un/on lock and dam was begun, which was the declared preli- 
minary of my original eftimation, in order to bring down ftone from above for the con- 
ftruCtion thereof, that it would have been ereCted at a much Icfs expence ; as it now is, 
it may be a matter of computation into which my prefent occafions will not permit me 
to enter. 

4th. Whether the defign for Lin/en lock is properly adapted. 

This lock is I apprehend upon the fame conftruCtion as I have feen feveral by Mr. 
Smith’s father built feveral years ago, and which have ftood and anfwered very well ; 
the principal articles, in which 1 differ in grounds where 1 ufe wood bottoms, are the 
following. 

ift. A bearing pile under each fill, ranging in the &ce of each wall, (but this is 
rendered lefs necefiary by a flieec of piles, in Mr. Smith’s conftruCtion, under the face 
of each waA;) a ditto under each fill anfivering the middle of the chamber, and if the 
ground is more fofi, a pile under the outward end of each fill. 


ad. The 
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id. The great fill for the lower gates, the {loiiilSnp filmed diettwidi tinder the 
thrdholdsg in order the more firmly to be bolted thereto. 

3d. A double row of rabbeted piling at the lower gate fill to prevent thepaflage of 
the frater in cafe the dumber-fioor Ihould become defedUve. 

4th. The coffin ftones made alternately long and fliort, broad and narrow, in order to 
prevent their watting joint and joint, as it Teems to me mutt be the cafe if made of one 
dimenfioo, as prefcribed by Mr. Smith. 

jth. In good gravel boteoms» where fione is cheap, 1 have ufed it infiead of wood, 
ftitt keeping a row of piles under the fiice of the watts, with a ribband or firing piece 
upon their heach two rows of rabbeted piling under the lower gate fills, and a row 
of ditto at the tail of all. 

The mafbnry of the lock in general feems w«U dcfigned^ and fubftantial j but after all 
defi^, gpod execution is a great matter. 
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KNOUCH BRIDGE MILL. 

Proportions wiU 4 it'e 6 lions for building the Mill at Knouch BnJgCt by 

John Smeaton, Engineer. 

two water-wheels for common ufc to be 1 1 feet 4 inches diameter, out and 
^ out, and S feet wide, the flirouds to be 9 inches ;foove the foid> and to have 36 
buckets, the rifing boards to he 4^ inches broad, and the breacMi of the bucket-board 
fuch, that the point of one bucket may advance to the cento: line of the bed of the next 
bucket, and the cutting edge to be thrown to theoutiide. 

The bucket-boards foould not be of above 1 inch in thickneis, and to ftrengthen 
them, I recommend a Ibroud in tlie middle j the conftruAion 1 commonly ufo in wheels 
of this fort, is three pair of clafp arms with three rings, and then to put on the board- 
ing of the foal parallel to the axis, fo that the boards are nailed down upon the rings 
ike a floor upon joifts. The wheel cafe or race to be made to a true fwcep, anfwerable 
t ) the wheel, to be continued from the loweft point under the axis for a quarter of a cir- 
ch, ending at the height of the center, above which the breall wall to be contioued 
upright to a proper height for fupporting the trough, which, if thought pfopcJ** may 
be made of ftone to the front of this breafting. The water in taking the wheel (hoots 
backwards, lb that the wheel turns the fame way round, and the water is ddivered at 
the taU^ as an under-fliot wliQcl } the water is drawn by two Ihuttles, anfwerable to the 
partition Ibroud in the middle of the wheel t but as it is impofliblc to defetibe the par- 
ticular form of the trough, fo far as relates to the drawing on of the water, without 
a draft, this ihall be fupplied in due time. 

The water-wheel being 11 foet 6 inches diameter, there will remain a feet to con^cat 
the whole difference of 13 feet 6 inches } the whole height required for the furface of 
4ie water above the top of the wheel beixig only 1 foot 6 inches, there will rcadh 
6 inches dther to be added to the head of water, or to admit the bottom of the wheel to 
he laid 6 bches out of tail water, or to be expended partly one way and pardy the 
other, accordii^ to the judgment of the artift. 


Voi.l. 


S s 


No. 
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Nos. for the tvw over-fhot wheels. 


The great cog wheel _ - - - 

The great lanthorn upon the upright axis 

I'he fpur-wheel upon the upright axis 

The 5 foot greyftone lanthorn 

I'he 4 foot Cullens or blue ft .ne 

The 3 foot iO“ French ftones 

The 3 foot 7 inches cullens or blue ftones - 

The 5 feet greyftone for ftielling oats, its lanthorn 


64 

25 

72 

19 

*5 

14 

13 

i5j 


I at 5^- inches pitch. 


^at3^ inches pitch. 


N. B. The numbers above being put upon the fpindles of each pair of ftones refpec- 
tively, and all being fuppojed to be placed round the fpur-wheel, they would all go at 
their proper paces if driven together : therefore they may be fuited together to either 
mill, as bed fuits the convenience of the miller. 


For the flood-inill, it being propofed to remove one of tljc prefent water-wheels from 
the Ulcitjion old mill, which are 14 feet 8 inches diameter in the ring, I propofc to con- 
tinue the fame number of floats as at prefent, but to alter the mortices, fo that the ftarts 
may hold the floats pointing to the center. 

The float-boards to be i foot broad, and fo as to form a circle of 17 feet 4 inches, the 
ieft of the fpace to be filled Up by oblique breaft-boards like the wheels at Kilnburji iorgt j 
but fliall ftiew the particular degree of obliquity, by a draft along with the trough 
for the over-fhots. 

The width of the wheel may continue the fame as at prefent, viz. 5 feet 2 inches, but 
if it can conveniently be augmented to 6 feet, k will be the belter. 

The flood-Vfheel I propofc to be a breaft-wheel, and to be laiid 7 feet below the full 
head, viz. the nofe of the gate to be when Ihut 2 feet below head, and 5 feet fall j 
now as this will make the bottem of the flood-wheel 6 feet or 6^ feet above the common 
tail- water, and as this wheel will d 3 bufinefs with 3 feet or 3^ feet tail-water, it follows, 
that it will do bufinefs when this river is from 9 to 10 feet higher than in its ordinary date* 


The 
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. " , ’ Tfce numbers propofed for this wheel as follows i 

*rhe cog wheel - - - 84 cogs 7 

The greateft lanthorn on its upright axis - 25 J ^ 5 pitch 

The fpur-\yhfcl on the upright axis . . - - 74 
' A pair of 5 feet gtcy ftoncs - - - *9 

A pair of 4 feet cullcns - - - 1 5 

N. B. If any other forts or fizes are thought proper, the numbers or the fpindle 
lanthorn will anfwer, if made relpedlivcly the fame as thofe for the over-fliot wheels. 

The over-fliot mills above propofed will both be turned at once, with the fame quan- 
tity of water wherewith one of the wheels of Whijlon old mill was worked when I was 
there, and which was faid to be about the whole quantity in dry feafons. This quan- 
tity will enable each of the over-fhot mills to grind with great eafe at the rate of a quar- 
ter of wheat per hour, that is 16 Winchejier bulhels per hour by the two wheels. 

The breaft-wheel will grind the fame quantity as either of the over-fliot wheels, but will 
require a double quantity /,'viite(, that is, it will require as much water to grind eight 
bufliels per hour, as both the two over-fliot wheels will require when grinding at the rate 
of eight bufliels each ; but as the two ov^r-fliot wheels will work at the rate abovemen- 
tioned with the common fummer’s water, I* appr<^cnd it will feldom happen but there 
will be water to fpare, and therefore it may be worth while to confider whether one of 
the over-fliot wheels may not be omitted, and the breaft-wheel ufed in fliort water times 
in its ftead, and by that means the breaft-wheel be brought to aft in a double capacity, 
as a fliort water wheel as well as a flood wheel. 

The over-fliot wheels will work with 3 or 4 feet tail water, at which time there will 
be neceflarily fuch plenty, that it will be very immaterial whether the breaft-wheel takes 
more or lefs. 

1 5th June, 1767. J. Smeatok, 



N. B. 
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P. S. If the (laves of the great lanthoras uc made tf caft tvep^ as vtU be adylfe- 
able, they may be made of a flattilh or oval figure, and thinner than if aBadc•^ waod, 
fo as to give room for a flronger cog. 

The following (ketch ref^ding the ficuation wlll^, I hope, make the whole clear.. 


Sketch 
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RIVER COL N, 

PLAN for afcertaining the proportional quantities of water flowing 
down the high ftream and Ivcr ftream, being two divilions of the 
river Coin below Uxhndg-’, from whence alfo may be determined the 
quantity of water difeharged at each place per hour. 

Iketch annexed is folcly explanatory to fave many words in defeription, and is 
therefore fiippol'cd not to be drawn from a leale. 

The point A flicvvs that branch of the river which comes from under the wefl-ernmoft 
bridge of Uxbriugj ; this is not the whole of the river Coin, a confiderable ftream being 
di.ertCvl therefrom, called the Coivky ftream, which crofles the great weftern road 
nearer the body of the town. 

Below the point A bunch in tpicftlon divides, one part turning the water-engine 
or col ,ur-ii.ill, ant'. have iieen an artificial cut, but the greater part of the 

water goes d -\vn tii^‘ old river ; thole ftreams unite at B, and are again divided at C 
into two dreams, ca’lcd the hij'Ji flicam and Avr ftream, the former being much the' 
largeft; from the po nt of divifion C the water runs with a gentle current to the bridgp 
D, where, meeting ilic ford wliere the road crofles, and being fomewhat pent up, 
it runs moie lapicl from tlience to E, where this branch fubdiviiies, but afterwards unite 
and join with the ftream beforementioned. 

From the point C the Iver branch runs with a very languid current till it meets the 
ifland F, after which it runs more brilkly, as alfo at the bridge and ford at G it runs 
again languid till it gets into the inclofures, and then more brifkly through the inclofurcs 
till it gets to tile fccond bridge at H, where there is a further obftruftion and fall, and 
from thence it runs to Iver mill. 

Now, if a water-gage is erefted upon the high ftream, and another on the Ivet 
ftream at any place fo far below the point of reparation at C, that the water running . 
from C to D, and from C to G, fhall not be interrupted in its natural courfc, then thofc . 
water-gages will relpeftively Ihew the proportion of the two ftreams, and afford a means 
of computing their real quantities, independent of any enquiries or evidence to be col- 
leftcd from the millers, and which may be executed in the following manner: Upon the 
branch of the high ftream E L» an^ear the point L, let a water-gage be ereiftcd of 

N. B. The water-courfe I R feetns intended to difeharge the overplns water in times of floods from tlie Iver 
flream into the high ftream, the mouth of the paiTage K 1 being flopped up witn piles. 

.... • ‘S'* 
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feet in width, the fill whereof to lay even with the common furface of the water in 
diy times, to be terminated by two upright pofis, and if need be, one in the middle, lb to 
divide the fame into two paflages of 1 5 feet each, the whole to be made clofc and tight 
underneath the fill and on each fide the pofts, fo that no water may pafs during the ufe 
thereof but through the 30 feet paffiige over the fill, and confcquently will fall over the 
fame like a tumbling-bay. While this iserefling, the water miiy be turned through the 
paflage E M, which will go to the mills as at prefent, but when compleated, the water, 
being (topped from going through E M, will wholly be obliged to pafs the water-gage 
at L, and will raife the water there fo little as not to affecl the run of the water from 
C to D. Nov/, as the Jver ftream runs more languid than tlie high ftream, it will be 
necefiary to go fomewhat lower down, fuppofe to the bridge H, a little above which 
at N let a fimtlar gage be eredted, but with this difference, that as the Tver ftream is not 
fuppofed to be above half the currency of the high ftream, a gage of 1 5 feet will equally 
carry the water. As this width will not occupy the whole river there, the gage may be 
erefted on one fide, while the water let down to the mills on the other fide, and being 
compleated, the bye pafiage muft be flopped up, and the whole of the water be obliged 
to pafs die water-gage, as in the other. 

■Now, upon turning the water through the two gages, if the depth of the current water 
•upon the fill is equal, then the quantity will be in proportion to the widths j that is, that 
'the currency of the high ftream is double the currency of the Iver ftream but as 
the depths at firft trial will probably be found unequal, let as many boards be put into 
that gage (end-ways up) upon which the water runs JhalloweJi, as by ftraightening the 
-water-way will caufe it to run of equal depths w ith the other, then will the propor- 
tional qaiantin.es be as the widths refpcftively, when {6 adjufted, and this will be fhewn 
by infpe&ioD, according to the various ftates of the river in dry feafons, whether die 
mills JH'e drawn or not, and the experiment may be continued (with a proper at- 
■tcndance) for a month, or fuch time as (hall be thought neceflary } and account being 
kept of the depth of the water at different times, anfwerablc to given widths, will afford 
a. mcMfS of ccKUputaden of the real quantity in tons per hour ; but the computation of 
real quantities is more matter of curiofity dian ufe in the prefent cafe, for as the pro- 
poficicn is to .fake away no more water from the confined ftream at A, than is due to 
the /«ar fiream, in wy one given ftate, therefore more elpecially in the loweft ftate, 
will follow, that if the w 4 |Qle river ^ A was afterwards parted by a gage, fimilar to 
tlwfe ii) tfie/experiinsnts, whereof that reprefenting the Iver gage is conveyed to Londent 
tmi die other oa .be conveyed down the high ftream, after the K'er ftream is (topped up 
•byA dam, then will the high ftream remain with its prefent quantity, of water as here- 
tofore, nor will it be furchafged in done of 4oodh for want of paflage down the k>tr 
i^nch $ becaufe, wbenever the riycr at C rifes fo high, as to a.ffbrd more water than 

the 
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-the mills ran ufe, the flop or dam upon the Iver being made in the form of a tumbling^' 
bay, the furcharge will be conveyed down .the /v«r, and for feveral months in the year 
will be a confiderable running dream. 


It will be necefiary alfo to put a fmall gauge upon the little brook that falls into the 
Jvtn' at the bridge C, which, when reduced to the fame depth, mud be dedufted from 
the width of the gauge at N, and the width fo reduced, in comparifon with the gauge 
at L, will give the true proportion of the feparation of the waters at C, and of the 
propofed feparation at A. Again, as a quantity of water is propofed to flow down the 
Jver ftream, in order to fupply the neighbouring meadows, villages, and the town of 
Colnbrook with water, whatever the aforefaid little brook fhall exceed or fall fliort of 
what fliall be thought proper for that purpofe, a due allowance can be made in the 
width of the gauge propofed to be ereded at A. 


It may be objefted, that when the water due to the Iver flream is dedufted from the 
river at A, that then the engine or colour-mill will lofe a proportionable quantity of 
water j but as the water flowing down the main ftream is not employed in working any 
mill before this reunion, if, in dry feafons, the main river is ftraightened, in the fame 
proportion by a flood-gate to be crefted at O, and to be drawn up in times of floods, 
tlien will the engine or colour-mill be in all relpefts in die fame condition it 
now is 

It may a fo be obferved, that the obliging the river to pafs the water-gauges at A, 
may, in floody feafons, pen the water upon the tail of the mills juft above the bridge 
■of Uxbridge-, but as this^r*Vfc« will only be of ufe in dry feafons, it is propofed that 
thcie ftiall be a fet of flood gates, that being drawn up, fliall leave the river as capa- 
cious as it is at prefent, and, confequently, the mills in the fame condition ; it is alfo pro- 
pofed, that the water-gauge at A fhall not be erccbed fo as in dry feafons to pen up 
the water above the biidge of Uxbridge higher than it now is, fo that the mills above 
the fame (hall not, in any feafon, be affedted by the propofed undertaking. It is fup- 
pofed, that this method of the partition of the water is (if poflible) more unexceptionable 
than that of taking a given quantity out of the river or colour-mill head near A, as for- 
merly propofed j but that if this method be thought more eligible, as r!ie gauges above- 
mentioned will afford a juft method of computing the real quantity of water difeharged by 
the Iver ftream, a quantity may be Wk-en by the method already exhibited, which fhall 

T t never 
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exceed the juft propot tlon in the drieft feafons, end in all others rather (all Ihortr 
than exceed it, and ftill the ilirplufage, when too much for the mills and grounds, be 
difcharged by the Iver ftream in the fame proportion as heretofore. 

Affiberpet July 8, 1767. ' J. Smeaton. 


PORT 
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PORT GLASGOW PUMP. 

DESCRIPTION of a Pump for the dock at port G^a/gow, 

water left in the dock at a medium to be evacuated by pump-wdik/ 
^ the 22d day of Auguft, 1767, was 


Mean length 
Mean breadth 
Mean depth 


243 o' 
36 o . 

5 . 


Solid contents 21141 
Cube feet = 627^ tons. 


This quantity to be raifed in 4 hours to the mean height of 4 feet will require 6 
men working at a time, and good Etiglijh labourers, will continue at the fame rate for 
the whole timej but as tlie labourers to be employed will probably be fuch as can be 
promifeuoufly picked up, it will be proper to have two fets to relieve earfi other. 

The diftance of the chains from the axis of the lever to be y of the l^gth of tht: 
lever j it would be moft convenient to have the center of the chains 2 feet from the • 
center of the lever, but fliould not be lefs than i foot 6 inches. 


Tire diameter of the working barrels to be 17 inches ; and it would be well to have 
them lined witli cylinders of hammered brafs or copper, as iron will ruft in fait water, 
and the bare wood will chamber too faft. 


In the working of this pump it is to be noted, that when the height of the water 
without exceeds the height of delivery, that it will never rife higher in the mounting 
pipes above the chamber than juft to force its way outwards, fo that the water will 
never be raifed’ to any height that is unnecefiary, and with a proportional addition' of 
force will throw out the water afall times of tide. 

• 

The 2 barrels AB are connefted together by a fquare box or trunk CD, into which 
are 2 fquare paflages through the working barrels EF, ab''ut 8 inches high by 10 or 12 
inches wide j in the forefide of the box is an hole 104^ diameter, fo as to receive a pipe 
of 8 4 or thereabouts, which pipe is to be rammed tight, and to lay through the wall or 
bank into the open fca, the outward end of which may be guarded by a valve if thought 
neceflary j but if the lower valves of the pump are tight, no water can revert into the 
dock; it will indeed me to an equal height in the mounting pipes, but will there be 
at reft. 


Tt 2 
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The buckets 1 would propofe to be made in the fame way as thofe for fire-engines, 
■and the lower valves to be made double } I propolh them to be framed upon a caft-iron 
plate, clvjfing up the bottom of the barrel, and which may be fcrewed to the barrel by 
6 or 8 bed-fcrews,. the nuts of which to be let fideways into the wood; 

H H H H are blocks for the pumps to reft upon. 

The iron rods and buckets will, I expeft, be of weight fufficient to carry them down, 
but they fhould be fteadicd by paffing through- a plug, or collar in the top of the mount- 
ing pipes. 

The valves muft be made light, particularly of the buckets, that they may meet with 
the left check in defending, and the whole leathered with pliable leather, which will be 
fady fufficient for a column of fo fmall a perpendicular. 


If the employment of i a men for 4 hours be thought too much,- this work may be 
done in 3 hours ao' by 2 ordinary horfes, the pumps being contrived upon the fame * 
principle,, and 3 pumps to be worked by a triple crank, the proportions as follow : 


Diameter of the working barrels 
Length of the ftroke 


No. 


I foot 
3 ffct 


Lanthom on the crank fpindles 1 9 7 
Face wheel for driving ditto 84 S 
Mean diameter of the horfe-tra£t 


cogs at 4 j inches pitch 
- 21 feet 


Aufihwftt 4th September, 17^7. 


J. Smeaton. 


* That is not to lift the water above four feet at low water, and no higher than to overcome the reliftance 
fram without, at aU other times. 
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RIVER TRENT. 

The REPORT of John Smeaton, Engineer, concerning the Water- 
Road prbpofed to be carried acrofs the valley of the river 7 *rent from 
Mujkbam to Newark^ 

^T^HE points relating to the road abovementioned, referred to my confideration by 
the truftees thereofi at a meeting on the 19th day of December ult. were as 
follow: 

I ft. The propriety of the choice of the ground for die new road. 

ad. The proper height of the road in reljjeft of tlie water-line at the extreme of higlt 
floods. 

3d. The proper quantity of water-way for the necelTary paflage of the water acrofo 
the faid road in time of the faid floods. 

\ 

4th. The particular places where the arches ought to be fituated,. and the number 
and dimenfions of the arches proper at each particular place. 

5th. The beft method of conftruftion of the faid arches,, fo that they may be doiic^ 
at as little expence as poflUble, confiftent with their being effef al. 

6th. The proper fefUon of the road where it paflTes through the grounds to be ram^ 
parted. 

Thefe are the propofitions as I underftand them, being verbally delivered.. 

xft. I am of opinion, that the ground marked out in the plan for the track of the new 
load is very properly chofen, being in general over the higheft grounds, and fufiiciemly 
ftraight ; and I look upon it to be an advantage that the arches will be; a^ much as pofli- 
ble together.. 

ad. 1 apprehend diat, to prevent damage to the road by its being overtopped, it will 
be advifeable to make iq> its crown or funurat to the height of 1 foot above the re- 
if^ 6 U\is 9 W 4 i 49 r'liae.attheeiamea floods^ and the tqi of die road being convex about 
I 6 inches 
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6 inches, the fidcs of the road will then be about fix inches above the faid water-linfcj 
which height above the water-line will olio be neceflary on account of the fettlement, 
even after finilhed, though confolidated in the bed; manner praflicabk while making. 

In order to afcertain the refpeftive heights of the road above the furfacc of the 
ground, a point at Newark Bridge was Ihewn me by Mr. Handxev, as that to which 
the higheft floods were never known to rife, and which has not been touched thefe 30 
years : from this point I took a level to a mark at Mujkham Bridge, Ihewn me by a 
perfon of Mujkham, as the point to which the faid .floods arofe ; from whence it appears 
that at a medium of two operations the flood-mark is lower at Mujkham Bridge than that 
.at Newark Bridge by 1 7 inches •, and though this medium dilFered 5 inches from the 
icxtremes (which difference of the two operations was the refult of carrying the level 3 
miles) yet it is probable it is very near the truth, as it differs but i ^ inch from the 
level put down upon Mr. Wilkinson’s plan in the middle of Lord Middleton’s 
lands, between No. 18 and 19, near Mujkham Bridge. The level of the high water 
mark upon the bridge itfclf was (hewn me by a different perfon from him that fliewed 
the high water mark to Mr. Wilkinson, therefore they probably are not the fame; 
and I have rcafon to believe, that from that part of the bridge having been repaired 
fince the great flood abovementioned, the point Ihewn me was at leaft 6 inches lower 
than the real height of the great flood referred to, fo that the fall of the water’s furface 
from Newark to Mujkham Bridge will be reduced to about i a inches. I have driven 
piquets near the courfe of the propofed road, between the lWO bridges, to the places of 
which the numbers in red refer upon the planj and having given, by a feftion of the 
traft of ground, the refpeftive depreffions of the faid picquet heads below tlie water- 
line, upon a fuppofition of 1 1 inches fall of the water’s fu.'-face between the two bridges, 
this will be afufficient guide for the laying out and forming the road. 

gd. The proper quantity of water-way cannot, as it feems to me, be determined upon 
any fixed principles, becaufe it is vciy difficult, if not impoffible, to determine exaAly 
what proportion of water in great floods runs over the furfacc to that which runs tlirough 
the two bridges; all that can be done, therefore, is to make the beft: eltimaiion we can, 
latiher erring by allowing too much.. 

It happened fomewhat luckily on this head, that I pafled between the two bridges in 
a boat at the very higheft of the great flood which happened on the melting of the fnow 
in February, 1766. I then .remarked the lieight of the flood by a fixed mark, to which 
on thisoccafion 1 referred, and found that the furface of the water was then within 6 ^ 
inches of the height ithac .was now ihewn me at M^ham Bridge as the high^ of all. 1 
* alfo 
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alfo then took particular notice of the quantity of water flowing through the rails, gates, 
and void fpaces in the hedges, and confidering the great depth of the river in its 
channel, and the great obflrudtions the flood waters met with in pafling the hedges from 
wreck, See. dcpofited therein, I cannot in my own mind fuppofe that the whole watO" 
pafling over the furface of the lands could equal that which pafled through Mujkbam 
Bridge alone ; but, that we may err on the fafe fide, let us confider the capacity oi both 
bridges. Having, on the prefent occafion, taken dimenfions of the water-ways of both 
bridges, and compared them with the length of the arching that will be equivalent 
thereto, upon a fuppofition that the flood arches upon an extreme flood carry a depth of 
water upon their floors of 6 feet at a medium, I find them as follow ; 


Yards running, 

Mujkham Bridge equal to flood bridging — 154 

Newark ditto — — — ^9 


Equivalent of both bridges in flood bridging 


■ aS3 


In order to check the above, I took an eftimatory account of the whole openings In 
the line of the hedge on one fi.le the prefent road through which all the flood waters muft 
pafs that run over the furface of tlie lands, and make them amount to an equivalent 
of flood bridging of 333 yards. 

Now the mean of the two determinations will be 293 yards, but for a round number 
let us fay 300 yards, which is near more than the fum of the capacities of both 
bridges; now this quantity, properly difpofej of, will, in my opinion, be amply fuf- 
ficient for difeharging the flood waters, w'hliout the leaft danger or detriment of either 
the lands above the road, or to the road itfelf ; and if the expence fliould make it need- 
ful, I am of opinion that the quantity above metitioncil may be retrenched, 

4th. The next article is the proper difpofition of the arching above mentioned} and 
on viewing the face and levels of the country, it appears that the places where the 
flood-bridges now are, y\z. at Crankley, and the three bridges, arc the principal out- 
lets for the flood waters. This experience has taught our forefathers, as is manifefted 
by their placing bridges in thol’c places } it follows therefore that thofe natural hollows, 
which lead the waters to thofe points, will be the-propereft places for the new flood- 
bridges, at the fame time difpofing of fome arches of tunnels quite thjroufeh the whole, 
to prevent any water remaining pent between the hedge* in any. pwdcular plactf, 

VoL. I. U II 
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The arches I would recommend are of 1 2 feet wide, and 6 feet from the floor to the 
(pringeri they may be nearly all alike, except that in fuch places as will admit thereof, 
the floors may be laid lower, and the piers raifed higher above the f(Aindation tiSan be- 
fore fpecified, in order that one with another they may be of 6 feet depth of water ; for 
leffer communications, I would propofc tunnels of 5 feet width, covered by femicircular 
arches, the depth from the crown to the floor to be 6 feet, and the crown of the arch 
on the under fide to be 2 feet 6 inches under the crown or fiimmit of the road. Ac- 
cording to thefe dimenfions, three of thefe tunnels will be equivalent to one of the 
arches. 


The places of the arches and tunnels as follows : 


In the low ground between the north end of Newm k and the 

higher grounds oppofite the warehourc> ... 

In Mr. RioaELL’s clofc, - - . . 

In Thomas Wood’s ditto, .... 

In James Hanker’s, - - - - . 

Crofs the valley at the three bridges - . . 

The further hollow in Mr. Stevenson’s clofe, where the piquet, No. 8, 
is placed, - - - - - - 

In the drivers, where the piquet. No. 1 2, is placed. 

In the great hollow from the drivers to LangduU, crolfing the watcr- 
courfe that leads to Crankley Bridge^ ... 

In the low Hade in the redor of Kelbarns ground at No* iG, 

In the croiling of the old road, - - . - 

In Lord Middleton’s land, near the fouth end of Mujkham Bridge^ 
Between Mujkham Bridge and the high land at the north end thereof, 


Extent in dear 
water-way. 

Arches. Tunnels. Yards. Feet. 


9 

0 

36 

0 

2 

2* 

2 

2 


1 

1 

I 

0 

2 

z 



0 

96 

0 

0 

3 

4 

0 

0 

1 

1. 

1 

24 

0 

96 

0 

6 

0 

24 

0 

3 

0 

12 

0 

3 

0 

12* 

0 

3 

0 

12 

0 

72 

9 

300 

O' 


The above is the beft dilpofition I can form for the placing of the water-ways from- 
my own obfervations and the information I have had ; but as the going away of the 
prefent foow -may probably fumilh a good opportunity of making obfervations upon 
thecurjency> it would not be improper to appoint a difcrect perfon for that purpofe. 
1 am opinion^ however^ that if the arches in thufe two places, which are laid out for 24 
arches each, were reduced. to 21, ahe water-way would be very ample. 

y '5th. With relpeft to' the C(»ftrudion of the arches, having explained myfelf by a 
fiefigin, f hav« dte leis to fay thereon : it is neceihuy however to obforve,. that refpeAing. 

the 
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the foundations, 1 have luppofed it a firm gravel or clay, at the depth to which it will 
be necelTary to excavate ; but where it proves a fofi clay, loofe gravel, or fand, or ftill 
fofrer matter, it will be necefiary to pile under the piers. In ordinary cafes, piles from 
5 to 8 feet long, and from 6 to 8 inches diameter, driven about a or feet diftancc, 
middle and middle, will fuifice ; but as nothing can be afcertuned on this head, without 
trial of the individual fpot of ground in queftion, and as the firmnefs of the groimd 
will frequently vary one pier from its next neighbour, the quantity and fize muft be 
increafcd or diminilhcd, at the difcretion of the furveyor. 

Where piles are not ufed, I propofe tire firft courfe of bricks to be fet edgeways up- 
wards, the length of the bricks crofllng the bafe of the pier, the whole to be driven 
down with a paviour’s rammer in the manner of a pavement, and after that the inter- 
ftices run full of grout or putty, or if wet, to be filled with quick lime. If piles are 
ufed, bricks or half bricks to be drove down in the fame manner in the interftices be- 
tween the pile heads, and then to begin the regular courfes upon the paving and pile 
heads promifcuoufly, being grouted as before. It is hardly necefiary to fay, that 
where a good foundation can be come at by going deeper, at a lefs expence than piling, 
it will be proper to do it. 

As the arches are propofed to be but 1 2 feet wide, in order to avoid an unneceflary 
quantity of brick work, I have fuppofed the lhafts of the piers to be but 2-j bricks thick, 
which, if built firm infide and out, will be very fufficient to carry the loads in fuch 
fhort fpans ■, the arches themfelves I have fuppofed to be no more than one brick chick, 
which I am alfo fatisfied, if well done with good materials, will be quite fufficient ; yet, 
as the fupporting parts in the elevation have fomewhat of ,'a light appearance, if to fa- 
tisfy the eye the truftees think it proper, half a brick may be added to the piers, and allb 
half a brick to the arches within, which will make but little alteration in the defign. 

To fave expence, I have fuppofed the wliole to be of brick, the cap Hones for the 
terminating pillars of the parapet excepted, which are necefiary to be of (tone, on ac* 
count of weight to keep on the brick capihg; but if the expence can be admitted, it 
would give the whole a more fubftantial appearance to thofe who travel the road, to 
have the whole caping of ftone. I fuppofe that the fliouldcr angles and fpringers of the 
piers, together with the capings, if of brick, to be made of tlreir proper figure in 
moulds for that purpofe. 

To make all the piers thick enough to fupport all the adjacent arches ^ngle, without 
the counterbalance from the neighbouring arches, would bury a large quantity of ma- 
id u 2 tcrialsi 
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terials} I have therefore adopted the thought of my ingenious friend Mr. MirCHEtir 
i« making every third pier or every fifth ftrong enough for this purpofe, that in cafe of 
accident the damage may not be progreffive. 

I 

6ch. li^ regard to . the proper feftion of the road, h i^pears from the general fo£tion^ 
that the Bat ground from the point No.. 4, to the three bridges, is the deepeft flooded 
of any part that will be done by ramparting, and that the depth at a medium below the 
water’s furface is 4 feet, the mean height therefore of the crown of the road will be 
feet ; and for this height a feftion is drawn, Ihewing the excavations neceflary on each 
fide, in order to furnifti matter to form it when confolidated ; but if the bottoms of the 
canals on each fide do not afford gravel for a cover, then the excavations may be of Icfs 
width on account of this part of the matter being brought from a diftant place ; but what- 
ever be die-height of the rampart, the fame feflion will regulate it, by fuppofing the top 
of the road and angle of the flopes on each fide to remain the fame, and therefore the 
width only of die bafe to be vaiiable, according to the quantity of matter required- 

I fuppofothat in a few years the ditches will filt and grafs over fo as to become paflure 
land, but as it will not only be unavoidable, but in fomc mcafure ufeful for the water, in 
time of great floods, to have a current along thofe ditches, it will be proper, as early as 
poflible, to low them with hay feeds, to prevent ihcir fides from flipping, or from being 
galled by the current while they are new. 

In order to prevent the furge, which in time of great floods will be naifed by the 
a^ion of the wind from walhing down the fides of the rampart before it can get firmly 
fwarthed over, it will be necelTary to let the flopes of the ramparts v/ith fods, in the 
manner Ihewn in thefedtion } and if the Hope of the tlitch next the rampart, as well as 
the oppofite fide where it fiices the arches, was fodded alfo, It would be Hill better. 

I have drawn the fcdlionof the road fo as to aflbrd a breadth of 30 feet for the tread 
of the wheel, which.1 apprehend will be quite fufficient, cfpecially where the rampart is 
rufed. high, a& well as in the bridging ; but in the high grounds, where the road is to be 
but little raifed^ it will not be necelTary to be confined to this width. 

Aufibarpef January ii,. J. Smeatox.^ 
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GLASGOW BRIDGE. 

Copy of a REPORT delivered at Glafiow by Mr. Smeaton, in Odlo- 
ber, 1760, from a copy thereof received from Mr. Murdock in a 
letter, dated April 20, 1768. 

** Report concerning the fituatlcn of the intended new bridge over the river 

Clyde at Glafgo’og.*' 

TTAVING carefully examined the river at feven different places, viz. iflr, oppofice 
^ ^ Jamaica Street ; id, at the middle of the ifland, commonly called Ducat Green ; 3d, 
in a line pafiing behind the Cerbal church ; 4th, in a line agreeing with the ftreet that 
runs before the Gwbal church ; 5th, at the prefent bridge ; 6th, at the flaughter-houfe, 
in a line vvith the new ftreet and 7th, at the Green of Gla/gow, almoft oppofite to the 
gate leading from the bottom of the Salt-MarkeG of which a i>articular account is con- 
tained in the paper annexed, from whence it appears to me that the fituation of the pre- 
fent bridge is not tlie moft eligible, for tlie following reafons : ift, On account of the 
greatnefs of the length which will incrcafc the expence ; id, by the ftreet anfwering 
thereto on the Gorbal fide being too narrow, and embarrafled for the main avenue to a 
bridge of 30 feet widej that ftreet being not above ii feet at a medium, and in feveral 
places not 1 8 feet j 3d, becaufe it would not be fafe to build a new bridge in the fame 
place, except conformable with the old foundations, which would fubjeff the new bridge 
to great irregularities j for as the prefent bridge appears to be founded upon the furface 
of a cruft of gravel, covering mud or fleccli to an unknown depth, was the new founda- 
tion upon the interftices, and the old ones removed for the fake of giving a free paflage 
to the water, as this cruft is undoubtedly broke throt^h in many places by piles, &c. 
it would be dangerous to remove them, left, by giving advantage to the fpeats to gull 
away the ground from thence, a free paflage is given to the mud to efcape, and thereby 
to render the new pier liable to fettlements. 4th, The difadvantage of wanting a bridge 
during the time of building a new one, or the charge of a temporary bridge balanced 
againft the fmall value of die old materials,, are too obvious to need infilling upon, 
id. The pofition agreeing with the front of the Gorbal church is not the moft eligible on 
account of the great lengdi between the top of the bank on each fide, fo that it would 
require die extent of die bridge to be greater than its prefent fituation ; and as die north 
end would abut upon the workhoufe dyke, would be too near, and too confined, with- 
out an opportunity of forming any new ftreet in any good direflion from thence, nor is 

the 
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the avenue from the fouth abutment free from objections, being but 27 feet in the wideft 
part, and not above 1 9 oppofrte the church wall, which would require to be removed, 
and fome private property purchafed; nor is the crofs ftreet leading to the turnpike lefs 
exceptionable. 

3d. The pofition agreeing with a line pafllng behind the Gorhd church, will clear the 
Ibuch abutment of all incumbrances, and mend the north in regard to the prafticability 
of making an opening into the green beyond the row of trees called the Old Green but 
till that is done will be as much confined as the former, nor will this fituation admit of 
any ftreet in any good diredtion into the town, without palTing through gardens and pri- 
vate properties ; add to this, that here the bridge will be required the longeft of all, the 
diftance from the tops of the banks being upwards of 600 feet. 

4th. To the pofition agreeing with are the following objedllons : the 

bottom is worft of all, and the water deepeft, nor does the liije'bf this ftreet produced 
cut the ftream at right angles, which is a difadvantage that ought always to be avoided 
if pofllble ; but without infilling on any objedlion to this fituation oh account of its being 
too near, and too much confining and embarrafing the prefent wharf or landing-place, or 
on account of it 4 being too far removed from the prefent bulk of inhabitants, the founda- 
tion is a matter of confequence, for though the mud or fleech that lies under the bed of 
gravel is much of the fame confidence as above (if any thing more foft), and may be 
made capable by proper care and caution of bearing the fuperftrudlion of a bridge yet 
as the upper cruft is confiderably thinner, and lefs compadt than above, it is juftly to be 
apprehended that when the channel comes to be contradled by the piers, the increafe of 
velocity of the water, in time of Ipeats, may take away the bed of gravel between the 
piers, and by laying the mud expofed to the adlion of the water, may jjroduce fatal 
confequences upon the adjoining piers, and this cannot be prevented but by a confider- 
able addition of cxpence in the original conftruflion, in piling, fetting, and framing the 
whole of the fpaces between the piers. 

5th. At the (laughter- houfe, in a line with the new ftreet, the river is of a moderate 
width, the running fand below the gravel lies the clofcft I ever met with at that depth ; 
yet as the upper ftratum of gravel is but loofe, and the under cruft very thin, this foun- 
dation is not without fufpicion on account of the fpeats, nor does the line of the new 
ftreet make a right angle with the ftream of the river 5 fo that after pulling down feveral 
houfes in order to open an avenue thereto, the direftion of the bridge cannot properly 
ftand ia.a continued line with the ftreet } the avenue on the fouth fide will alfo be em- 
barrafled in pafllng the Gorbalsy for after pulling down fome houfes to make an avenue 

anfwcrablc 
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anfwerabic to the crofs ftrect leading to the turnpike on Paiflty road, that ftrcet itfclf is 
in many places not more than i6 or 17 feet wide. 

6th. The foundation at the green at Glafgow^ oppofite the gate leading from the Salt- 
Market^ is much the fame as at the flaughter-houfe ; the objedlion with refpeft to a paf- 
fage; through the Gorbals the fame ; the avenue from the bottom of the Salt-Market 
might be fomewhat enlarged, by removing the garden wall, but the clear between the 
houfes in the narroweft place is not more than 25^ feet. 

7th. It now remains that we examine the pofition at or near the middle of the Ducat 
Green j the width of the river between water and water is lead of all, being at the boiler 
345 feet, and from the top of the bank on the fouth fide, to the top of the high ground 
on the ifland, 495 feet ; from that point meafuring aciofs the Greetit to the middle of the 
road down the avenue of trees, is 1 80 feet ; from the top of the bank on the fouth fide, 
to the Paijley road in a direft line through the arable ground, 600 feet, which, allowing 
the breadth of the road to be 40 feet, will fcarcely amount to half an acre Scots : in this 
pofition the new bridge will be about 900 feet dillant from the prel'ent bridge, unem- 
barralfed at either end, and capable of joining a new ftreet that miglit hereafter be made 
acrofs the Old Green, which may be made in a right line upon an arable clofe, and join, 
the ^roangate-Strect near to Mr. Buchanan's houfe, witJiout interfering with any prefent 
buildings or g.mlens. The obliquity of the ftream of the Chde with the line will in- 
deed occafion the pofition of the bridge not to be in the fame line, but the obliquity 
will not be fuch as to occafion any material inconvenience with refpeft to the ufeful pai't. 
The foundation at this place, though not perfcdly the beft, is yet as good at bottom as 
any, and the bed of gravel as thick, and in general as compaft. as any, but the upper 
cruft for about 8 or 9 inches not quite fb huird as at the ford oppofite the Gorbal Churchy 
and at the prefent bridge, but much more compaft than it is lower down ; howeypr, to 
remove all objeftions on account of the ground, I would propofe to make the fum of 
the openings of the new bridge ecpial to the fpan of the river in that place ; and confe- 
quently, as the velocity of the water in time of fpeats would nor be increafed, there is 
no reafon for fuppofing that the faid gravel that now fuftains their efforts, will not con- 
tinue fo todo} and this may be done two ways, ift, by digging away fo much of the 
fouth fide of tlie Ducat Green next the river as ftiall be equal to the fum of the folids of 
the bridge, and with the earth to fill up the back drain j 2d, by fetting the abutments a- 
little within the land on each fide, and to procure a further addition of free palfagc by 
widening and deepening the back drain, over which 1 would throw a fingle arch. 


The 
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The former way would be the more eligible, on account of the coiweaiency of palfages 
to the bridge, the latter will in that refpcft be fiifficient, and amply fo whenever a new 
ftreet is made j but I apprehend the latter would better anfwer the convenicncies of 
trade j for the widening this back drain to 40 feet, fo as to admit of two vcflels a-breaft, 
will admit of a convenient wharf on both tides, and will have this further efTeifb, that a 
great quantity of water coming down this back drain in time of fpcats, would cleanfe the 
face of the prefent quay, which towards the upper end is almoft choaked up, arifing 
from the main ftream being chiefly on the fouth fide. 

It therefore feems to me that this fituation of a new bridge will, upon the whole, be 
attended with the leaft inconveniences, be executed at the leall: cxpence, tint the conve- 
niences of the prefent inhabitants, and favour any improvements that may be made 
further. 

(Signed) J. Smeaton. 

Cla/gmt Odober 20, 1760. 


Meafures, 



MealurcS} Soundings, and Obfervations made upon the river Clyde^ relative to the choice of a proper place for the intended 
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WHITEHAVEN HARBOUR. 

The REPORT of John Smeaton, Engineer, upon a View of the Har- 
bour of Whitehaven. 

T TAVING carefully viewed the harbour of Whitehaven upon the 7th and 8th of April, 
^ 1768, I am of opinion as follows ; 

That in cafe the expence and length of time attending fuch a work would permit its 
execution, that the nobleft and beft fcheme would be to carry out a north pier, and to 
lengthen the new pier, till the heads of the two piers lliould be within a competent 
diftance (fuppofe 200 feet) of each other ; but as I apprehend it would be many years 
before much relief could be procured to the trade by fo extenfive a woi k, tlie moft ready 
way of enlarging the harbour would be by extending the old pier by fome adilitional 
works, the particulars of which it will require Icifure to judge of ; but I am clearly of 
opinion, that if during the coming fummer the old pier can be lengthened 30 yards, and 
turned a little more outward than the prefent direftion, it will perfeftly agree with every 
juft idea of what is to follow, and that the prolongation aforefaid Ihould be the firft 
work done; and if during this time a correft plan of the harbour, piers, and appur- 
tenances, together with the coaft as far as Kedvejs Pointy is prepared to be laid before 
me, I (hall then be in a condition to judge more accurately of what is to follow, 

Cockermonthf 8th April, 1768, 
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DUMBARTON BRIDGE. 

The REPORT of John Smeaton, Engineer, upon the rebuilding the 

fun ken pier of Dumbarton Bridge. 

TTAVING viewed and examined the funken pier of the bridge of Dumbartent and the 
nature of the ground upon which it Hands, and finding that it is a foft mud to a 
depth unknown, it being tried to the depth of 46 feet below low water mark, I do not 
know of any certain method of founding in fuch a fituation ; but, confidering the very 
great difEculty and expence that will probably attend the taking up the preleqt work to 
the bottom, being about i j feet below low water mark, and the great uncertainty of 
better fuccefs, if that could be done, 1 am of opinion that the bell probable chance of 
fuccefs is to found a new pier upon the ruins of the old, and to make the luperllruflure 
as light as poflible ; the jiarticular methods of doing which I have pointed out to Mr. 
John Brown, mafon of the faid bridge ; and as theother piers and arches feem to Hand 
Hrm, 1 think in the above way there is fo far a realbnable profpedl fuccefs as to de- 
ferve to be attempted. 

Dumbarton^ Mayji, 1768. J. Smeaton. 
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LEWES LAUGHTON LEVEL. 

The REPORT of John Smeaton, Engineer, concerning the Drainage 
of Lewes Laughton Level, in the County of SuJJex. 

H aving carefully viewed and examined the ftate of this level, upon the 17 th, 
iBth, J9th, and 20th days of June, 1767, I found its condition as follows : 

The preceding part of the feaion having proved wet, tlie level meadows called 
Brooks, laying upon the river Ouje, were in general under water from Land Fort, above 
Lewes, to White Wall, below Rodmill. I obferved that the furface of the w'atcr in the 
brooks of Soktbover, Itford, Pool Bar, Shine, and Rodmill, was nearly upon one common 
level, which feveral tracts of ground, for the eafe of expreflion, I beg leave to call by 
the general name of the Wcji Level: That there was but an inconfKicrable fliUof -.he 
furface of the witer from tlic weft level into the livcr, when the tide was down, and 
was feme inches below the furface of the river when the tide v/as in • /ame obfer- 
vatiun equally applied itfelf to Ranjeembe. That the artificial banks oi- walls contigu- 
ous to the liver bordering on both thefe levels, were low, and in very bad condition, fo 
that if the river was to fvvell 6 inches higher than it then was, the two levels and ri/er 
would have one common furface. I obferved, at the fame time, that the lands below 
White JFall, fjom the fouth-caft downwards, on the well fide, anti thofe of Farring on 
the cafi, were in general dry, and in a tolerable ftate of drainage, which pieferable con- 
dition thereof was undoubtedly owing to thefe three c.tufes : the land itfelf is confi- 
deiably higher, the banks nrradc up higher, and in better repair j and their out-fall 
fliuces fixed lower upon the river, which in confequence affords them a better fall. 

It was obfervablc during my ftay, the tides being then in a mean ftate betwixt fpring 
and neap, and the river pretty full of water, tliat the tides were fcarccly fcnfible at 
Lewes Bridge, and but a few inches rife and fall at the mouth of the river Glynd-, while 
at the fliccp-wani above Piddinghcc, the tides rofe and fell 5 feet, and not above half a 
mile below, at the head of the Broad Saits, die rife and fall w'as near 8 feet -, the greateft 
part of the whole fail lying betwixt the luft-mcntioned place and Ti'bite Wall, a fjiace 
not above 2 \ miles, according to the courfe of the river, and which includes at lead 
•I of the whole fall, fiom Lewes Brflige to the head of the Broad Salts, which is a length 
of near 7 miles. This great 'declivity in the livcr 6-om White Wail to the Broad Salts is 
doubdefs owing to a feries of IhoaK laying in that fpace, the principal of which is i'id- 
dinghce, winch alone occafions a fail of 3 feet, and which, as v/ell as. thc narrownefs and 
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tidnding courfc of thf river, altogether occafion the holding iip the water in tlw rivei* 
above White Wallf and which in confequence opprefles the levels laying thereupon, and 
Hill the more in proportion as their natural furfaces lay 2 feet at an average lower than' 
the grounds below White Wall. 

From the head of the Broad Salts downwards, the river is more fpacious and open, 
and wherein the tides have full liberty to flow and rellov/, and may be confidered as an 
open tide’s way. The declivity of the furface at low water is veiy gentle, till we come 
near tlie hai hour’s mouth of Newbavetj, where the rive r Ouje falls into the lea, and 
where the water is held up by a b^i k of (hingle, thrown in by the great feas and tides, 
and in part waflicd out again by the united force of the frefhes and reflux of the tides, 
and which finds a balance betwixt thefe contraiy powers, being fomewhat variable ac- 
cording as one or the other happens to have the prevalence. From the furface of the 
water above this bank or bar, that is, from the furface of the water in the p;v)l where the 
Ihips lay, called Sleeper's Pool, 1 i'ouiid a fall of 6^ feet to t!;e low water mark at fea, 
which at fpring tides is ftill greater. 

The ftate of the brooks above, or north of Lewes Bridge, and which for the fake of 
a geneial name I beg leave to call the North Level, was as follows : tiicy were almofl: 
entirely under water, as high up as Land Port ; from thence up as high as Iron Hole, 
they were in part under water j but in general where no water upon the fiirl'ace, low and 
moifl:, and the appearance of being oppreflTcd with water a too great length of time ; 
but from thence to Barcomhc mill, the meadows lay confiderably higher, being in general 
3 or 4 feet above the furface of the river, as it then was ; however, as the whole courfe 
of the river through the North Level, from Barcomhe mill to Le'Wes Bridge, has but an 
inconfiderable fall, is very crooked and winding, and in fome jilaces obflrufted with 
Ihallows, the upper as well as the lower part of this level mull be fubjedl to be flooded 
on moderate down-fills of rain. 

With refpeft to the brooks upon the river Glynd, eaftward of Ravjcomhe, they ap- 
peared to be in general above water,' but yet fubjecl to too great a continuance of flag- 
nant water upon them, partly from want of a fufficient fall in the river Glynd, and 
partly from crookednefs and obftrudions therein 5 however, as they appeared in general 
fo much higher, that by whatever means the drainage of Ranjeomhe woulil be efleded, 
mud neceflariiy fuinilh the itieans of draining Uiofe brooks, I was Icfs folicitous about 
•the exaft ftate of particulars. 
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It appears moreover, from trying the different depths of the water in the different 
brooks, that the deepeft under water were Ranfcmhe on the eaft fide, and the S. E. pait 
of and part of Rodmill brooks in the weft level, the general furface of thofe low 
parts being then about 3 feet under w'atcr. 

From this general view of the ftate of the level, it would Icem, that if the obftruftions 
arifing from the feveral (hallows from the narrownefs and crookednefs of the river, be- 
tween the mouth of the river Glynd and the top of the Broad Salts, were removed, wlvich 
have been deferibed to be the caufe of the holding up of the river at and above the afore- 
faid limits, that the confequence would be a general drainage of all the levels ; and it 
is certain, if thefe things were done, that this alone would be a great help to the whole 
of the grounds in quefiion ; but yet, as the taking away thefe obfi;ru 61 ion$ would in con- 
fequence let the tides flow in with more rapidity, the natural declivity of the river being 
fmall, there would be fcarccly time for the tide and frelh water to evacuate itfel^ before 
nnorher tide would return, and thereby prevent its ever running fo low as to admit of a 
compicat drainage of the adjacent levels. 

• 

Towards an effedual drainage of thefe levels, two methods offer themfelves ; one 
is to ftraighten the river, and remove all obftrudlions as before deferibed, and •further- 
more, to prevent the tides from having the efftd aoovementioned, to place a large 
out-fall fluice at its entrance into the open tide’s way, v'ith gates to (hut out the tides 
from flowing up the river, and of fuificient dimenfions to difeharge the frelh waters 
at their greateff extream and lafily, to embank kanfeombe and the weft level againft 
the overflow of the land floods, fo as to convey the flood waters direftly to fea, placing 
fuificient fluiccs upon* their refpctlivc out-falls into the river, fo as to (hut out the land 
floods, and give an opportunity of drainage when thefe floods are run off, which they 
will eafily do, when not fuffered to fpread upon the adjacent levels j and indeed, with- 
out embanking thofe levels as aforefaid, every method of drainage will be no more than 
a palliative help. 

The fccond method fuppofos the river to remain in its prelent courle, or without great 
alteration, to embank the lands to be drained againft all extreams of floods, and to con- 
vey their internal down-fall waters by a feparate canal or fewer to the open tide’s way, 
with a fluice upon the out-fall of the faid canal, to prevent the reflux of the tides. 

Each of thefe methods have their particular advantages ; the firft Teems better adapted 
to give all the fuccour polfible to the ^ll Country dependant on this out-foll j the fecond 
is more ‘particularly adapted ^ the drainage of Ranjemhe and the weft level, the north 

and 
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and eaft levels being Icfs advantageoufly finiated by nature rf)r. drainage this way, as will 
iTiore particularly appear from a further defeription and cflimates that will follow of 
each method. 

From an accurate level taken the i8th and 19th of June laft, it appears as follows: 

Feet In. 

Rife from low water to the head of Bread Salts ^ to the furface of the water in the wr'l Ie”e!, 6 5 

The river being then charged with frefti water, the low water furfiice at Bread Salts wa.. laid to be 

2 feet, at leaft x 8 inches above its low water height in dry fcafons, but taking it at - - 1 o 

Rife from low water at the Bs oad Salts in dry feafons to the furficc of the water in the well Lvel, 7 5 

The mean depth of water in the low parts of the w'cll level ana of Ran/iomLe, (fubtradl) -30 

Rife from low water in dry feafons at the head of the Broad Suits, to the mean furface of the low 
parts of the well level and Ranfeomhe, • - - - - 

Now in order to produce a compleat drainage of thofo low gioumls, it wiil be necciTary to reduce 

the furface of the water, below the furface of the ground, - - . -20 

There will then remain .... -25 


It therefore appears that the water may, in dry feafons, he retained in the river i feet 
5 inches above low water in the tide’s way, and yet rhe furface i educed full 5 feet below 
the height it was in June 1767 ; and as thedeepeft parts of the poed in Rattfcmle {yiiK\ch 
is deepeft of all) founded onl/ 4 feet 6 inches, it follows that the water may be reduced 
in the drains 6 inches below the bottom of the pool in Ranjconibs. 

In regard to the 2 feet 5 inches of water retained in the river above low water, it will 
be ufeful for navigation in dry feafons ; and in fmall frcfltes, by afibrding lb much fill, 
will thereby give the river a better current ro fea, without overcharging the drains. In 
larger frelhes, and great downfalls, the river’s water will be prevented from over-riding 
the drains by their refpeftive fluices, and the water will quickly difeharge itfelf to fea, 
on account of its being confined between the banks, which are propofed to be made to 
prevent the rivers from overflowing the adjacent levels, as they do at prefent. 

To efieft tliefe purpofes, I would propofe a new cut or river to be made acrofs a cor- 
ner of barring Tenantry^ by which means Piddinghoe flioal will be avoided : a fluice is to 
be placed at the tail of this cut of three pa ITagcs, 2 of 13 and i of 14, containing in the 
■whole 40 feet clear water-way j the latter paflTage to be furnilhed with a double pair of 
pointing doors to feaw^ard, and ditto to landward, for the fake of navigation ; the other 
paflages each to be furnilhed with a Angle pair of pointing doors to feaward, to fliut out 
the tides, and a Angle pair to landward, to retain the frclh waters at a given height in dry 
feafons. 


A dam 
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A ctam to be put ftcrofs the river at Piddingboe fheep-wafh, To as to Ihut out the tides/ 
and to prevent the floods from paflTing that way after the afurefaid works are ere£ted *. 

In order to avoid a crooked part of the river in pafling by Itford and Stockhoufe, con- 
taining a niiitiber of fhoals, I propofe to cut’ a new river from Stotifmy to the turn be- 
low the I’/ hue {Fall, of the fame dimenfions as tlie former. 

All the other flioals I propofe to deepen, fo as not only to lower the furlade of the 
water at Lewes Bridge from 4 to 5 feet, but alfo to make full 3 feet 3 inches water over 
the Ihallows in the dried fcafons, which will be a great improvement to the navigation, 
as veflcls will not be flopped by neap tides in dry feafons, nor obliged at any time to wait 
for the tides betwixt the fea fluice and Lewes. 

Thcfe works being elFefted, all the levels in queflion will be in a capacity of drainage, 
fo that each performing the particular works that relate to themfelves, the whole will be 
in a condition of. improvement. 

As the weft level and Ranfeombe lay conflderably lower than the reft, it is impolTible 
they Ihould be in a good ftate of drainage without being embanked againft th,e frelhes 
and floods of the river Oufe and Glynd ; but inftead of fetting the banks clofe upon the 
river, I would, in the general, leave a fpace of 50 feet between the bank and the river, 
however varying this quantity, fo that without following the fudden turns of the river, 
the bank may be reduced in length ; obferving, that where the bank is near the river on 
one fide, it be put further off on the other, ftill forming an open fpace to give room for 
the paifage of the floods in wet feafons. 

According to this method, there will ftill be a neceflity of fluices for the particular 
drainage of each trafk of embanked land, to Ihut againft the river in time of floods. 
Thofc already conftrufted might have anfwercd the purpofe had their threlholds been 
laid low enough, but as the threlholds of Shine and Ranfeombe fluices, which lay the 
lowcft, are at a medium but about 2 feet below the mean furface of the loweft lands re- 
fpeftively, they are infufficient for i.n effeftual drainage, becaufe before the water can 
come down to its proper pitch of level for drainage, its ihicknefs over the threlholds 
will be fo much diminiihed, as not to afford the water a fufficient paifage. I riierefore 

* It is to be obferwd. however, that ifthere Ihould happen to be. any Iblid objeftion to putting !3 damxcrofl 
the river ac Piddlnghoe iheep^waih, that the fame purpofe may be efiedied by patting (Iuice$> inilead of a dam 
at the fheep-waihp in which cafe there will nerd no more than the 14 foot pailage fox the joint purpdTes of na* 
v^gatlon drainage n^n the new tut propofed acrofs T brooks. 
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recommend a new Quice of brick for the weft level, to be placed down as low as the 
Wb'Ue TVallf and another for Retifcombe, near the mouth of the river GlyhJy their 
threlholds to be laid i feet lower than thofe of the fluices abovementioned refpctftively. 

In regard to the internal drains, what will be wanted further will be in the weft level, 
one to join the fluice at Kingftone fewer, which fewer, when properly feoured out, will 
drain die weftern parts of the level ; and thofe parts laying near the river, as fir north 
as Cockjhutti will be drained by the back drain, which will of courfe be formed, by 
taking the matter for embanking. In Ranfcmhe a new drain muft be madfc, or the 
old ones feoured out from the fluice to the pool ; but the back drain of the bank will 
be an eflefbual drainage for all the parts of the level near the river. 

This is the whole, therefore, that can be expedled to be done at a joint expence in 
thefe two levels ; the diviflon and other drains are to be made by the relpedive pro- 
prietors, at their particular cxpences, and which I don’t conflder as any part of the 
object of this report. 

At the time of my view the river had but an inconflderable fall from Lc^'es Bridge 
to the mouth of the river Glyndf fo that when the fhallows are removed, the water in' 
the river, as already mentioned, will, in its ordinary Hate, be reduced 4 feet at Lewes 
Bridge below what I found it *, and fometimes near 5 , fo that in the Lewes brooks 
above Cockjhutt^ the ordinary furfacc of the water in the river will be about 3 feet be- 
low the furface of the land ; and in the brooks north of Lewes Bridge from 3 ^ to 4 
feet and upwards ; fo that, taking away fome fhoals above bridge to facilitate th^ paf- 
fage of the water, I look upon all thefe brooks as in a ftate of drainage, liable, in- 
deed, to be overflowed upon great downfalls of fain ■, but as, according to this con- 
ftruftion, thefe downfalls will fpcedily run off, and leave the meadows dry, they will be 
liable to no other inconveniencies than what waterfide meadows generally are ; what 
little banking or drainage will be further neceffary for their fecurity, I fuppofe to be 
left to the diferetion and management of each particular proprietor. 

The lame realbning will hold with refpedl to the brooks upon the Glynd^ eaft of 
Rmjtmhe, for the water being reduced ftom the furface, 1 found it full 5 feet perpen- 
dicular at the out-fall of the Gfynd into Oufe^ there will be little further to do, than to 
Icour out the river Cfynd^ lb as to take advantage of the falls lb obtained ; the fcour- 
ing out of die river Glyni 1 look upon as a work particular to the brooks eaft of Swede 

if 

• The wtter under Irwx Bridfge, when the levdi were uken» wat 3 feet 8| inches, below the top the, 
uflercoorletofdieS. S.wingof llie Wiilge. 

Vofc.1. Y y 
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Bank j and what further banking and draining may be neccflary, I in like manner flip, 
pofe to be the work of the refpeftive proprietorp, and not the object of this fclieme, 
which is to point out the general methods by which the whole will be put in a capaciij 
of drainage, not to drain the lands, leady for tlie l;ufbandman. 

I have already flicwn that the work of the drainage thus conftituted w'lll be advan- 
tageous to the navigation of the river for the bargrs, and an advantage for which, in 
my opinion, tltey ought to pay a toll tov/ai*ds the eafe of the general undertaking : it 
now remiins to Ihew that the conftrudions propofed will )>c no ways detrimental to the 
harbour of Newbarjen ; on the contrary, I propoie to demonftrate, that it will be a con- 
fiderable advantage, upon the principles of t!ie firH: fchctne now deferibed, for as to the 
fccond it cannot be made a quellion. 

I know it will be immediately apprehended, that the tides being flopped at Piddtn^- 
hoe^ will occafion a Icfs influx of the tide at the mouth of the harbour ; and as a Icfs in. 
flux will produce a lefs reflux, the power will thereby be diminifhed, by which thefand, 
fliingle, 8cc. is driven out to fea, that is brought into the harboui’s mouth by ftorms 
and hard gales of wind bearing ftrong upon the coafl ; but this reafoning, however 
plaufible it may appear, and however true it may be in fomc cafes, yet in the 'prefent 
it will not hold j but I muft obferve, that if admitted, the quantity in queftion is fo 
fmall in proportion to the whole, that its effefls can produce no fenuble difference in 
the fcour of the harbour ; the quantity of tide water then in queftion will be only fuch 
as flows into and out of the river above Piddingbee fliallow ; this, at the time I was 
there, amounted to a rife and fall of 5 feet, as already ftated at Ptddingboe Iheep-wafli, 
but at fyhitt Wally not 2- miles up the river, the rife and fall were not above a foot, 
and at Lewes Bridge fcarcely fcnfible, fo that the greateft part of the influent water was 
contained in about 2^ miles of river, at the meandcp»‘h of j feet,' and at a mean width 
not exceeding 30 or 35 feet *, which will evidently bear but a fmall proportion to the 
water contained in the river from the pier of Newbaven to PiddingboCy where the mean 
rife and fall was three times as great, the mean breadth more than double, nearer three 
times, and the length above three miles, befides the water flowing a confiderable breadth 
near a mile up the old harbour, as far as the tide mill : this would be the proportion, 
fuppofing all the tide’s water above Ptddingboe to be quite loft; but the real quantity of 
reflux loft by the river above Piddingboe will be greatly dimihiftied, below what Is 

* Xam iwfible that in dry haCont, when there is lefs land water in die ri^es, the' tik md lidi of dw tide* 
will be greater, and be fenfible further up the country ; but as the efflux will'ibe lefs for want of the land water, 

the effltft is fcosiiis iftidt be lefs than at the ume above fiat(hi. 

* . i ' ’ t " 

. above 
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aibove dated, when it is known that the tide at PidJingbof did not rife fo high by above a 
foot (I made it i foot 3 inches) as it did at the pier head the fame ride •, fiom whence 
it follows that the tide having roonn to fpread and fpend itfelf faftcr than it can be fup- 
plied at the mouth, the ponds within are never filled within 6 or 7 inches at a medium 
fo high as they would be if they were lb much lefs, as to have time to fill to the level 
of the tide at fea ; we have therefore grounds to fay, that if the tide was prevented 
from fpending itfelf fo far up the river, it would occafion tire remaining fpace to fill to 
a higher level, and thereby tal;e in a quantity upon the whole nearly as large, as if fuf- 
fered to flow further; and that thi.s rcafoning is true, further appears from this fa£b, 
that in fpring tides the water gets fo far tip the river, that not having tide to get back 
again, the fame tide fills the 1 iver above JFbiti bVall fuller and fuller, vvliich is not eva- 
cuated but by the neaps that fuccccd *. 

From what has been faid we may be aflfured, that the ftop of the tides at Piddtnghoe 
could be of no great confequcnce to the harbour, even upon a fuppofition that the tide 
water there lodged ujeftil towards clearing the harbour’s mouth, which 1 come now 
to Ihcw that it is not, but in the picfent cafe detrimental. 

When the wind is in Jhore, r.nd brings an heavy fea upon the harbour’s mouth, tkc 
fliingle is thereby put in agitation ; and if a ftrong tide of flood happens during fuch 
violent agitation, the indraught of the ride brings in a quantity of fliingle, and loads 
the entry of the harbour, and this effefb ivill {c^eteris ferihus) be greateft when the in- 
draught is ftrongeft, that is, wlien there is tlie greatefb tides, and the leaft frelh water 
in the river to oppofe them; and this indraught will alfo be ftrongeft, when there is a 
narrow entry, and a gieat fpace wherein tlie water may expand itfelf,' for there the 
tides of flood will fet in through th^- harbour’s mouth the moft rapidly. Thefe circum- 
ftances concur in a ftrong ’degree in the prefent cafe, and therefore a diminution of their 
exfanfim muft diminifli the rapdily of tide of flood ; at fuch a time when the river has no 
great currency downwards, the tides, as already obferved, inftcad of returning wholly 
to fea, are fpending themfclves up the river to Lezves, which occafions a rapid influx, 
and a languid effiux ; the river is therefore at this time in no condition to evacuate the. 
fliingle fo brought in ; here it muft lie till fomething happens to turn the balance the 
contrary way, and this is done by the land floods joining with the tides, which promote 
a brilk reflow to fea. Now at fuch times, the land floods will at Piddhighoe cver-ruk 
the tides, and the fluicc doors will be open the whole time of tide ; the (luice therefore 
will not in any relpeft impede the land floods from getting to fea, and by the embankinjj ’ 

• N.B. The high water before referred to was near i foot higher &tPiJdtii^f.''jexhxa it wuoiifttvift Bridge,., 

Y y 2 oC 
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of the rirer, they will be brouglit down with greater rapidity, and thereby produce a 
fcour fiiperior to what it can obtain in the prelent ftate of things. Since therefore the 
rapidity of the tide of Hood will be diminilhed, and the ebb tide increafed, at fuch times 
when alone they can be of ufe in fcouring, the efiedt upon the clearing of die harbour’s 
mouth muft be beneficial *. 

I come now to deferibe the fecond metliod of drainage, whereby the river will be 
left in its natural courfe ; and whereby, if the drainage of the weft level and Ranjeombe 
were the *(mly objeds in view, the work would be done at the cafioft expence, as will be 
more particularly feen by the eftimates. 

This confifts of an entire embankment of the rivers againft all extremes of floods, lb 
far as the drainage is carried, thereby ftiutting the river entirely out j fo that inftead of 
difeharging the down-fall waters into the river at the point oppofitc the refpedlive tradts 
of ground, it is to be colledled into one drain, and finally difeharged into the open tide’s 
way by means of a fluice, which, (hutting out the tides, prevents at once the reverfion 
of the water for the whole level. I'his fluice and drain will be far lefs in point of water- 
way than that before propolcd, having nothing to convey to fca but the down-fall water 
of- the levels to be drained ; whereas the other muft be large enough to afford a fufBcient 
palfage to fea to the flood waters of the whole river in the greateft extremes of floods.’ 
'I'his fecond method is in many cafes to be preferred, as it (lands clear of all difficulties 
refpcdling the altering the current or navigation of the river, andris in \t!k\( mpfi ferfsSl 
but in the prefent cafe the north and eaft levels are ficuated fo difadvantageoufly, with 
refpedt to their communication with the general out-fall, that to accomplilh the whole 
in tills way will be more expenfive thap by the flrft metliod. But to proceed : 

I propofe the out-fall fluice to be nearly at the fame place of the river as before pro- 
pofed, and to be of i a feet water-way j from hence a drain of 1 2 feet bottom to be car- 
ried through barring Tenantry t and by means of a fubterraneous tunnel, to crofs the 
river Oufe in a proper point between Stock Ferry and StockhoufCi from thence through the 
low grounds of South Eajct and crofs the While Wall to a point of divifion in RodmiU 
Tenantry f there 'to branch oif in three diredlions; the N. W. branch to fall in with 
Kingfton drain } the north branch to pafs between the two Ries to bring down the cock-(hot 
water, which will be ufeful for the cattle, and prevent its being particularly embanked ; 
f^om thence through Lewes brooks Below bridge, and under the river Oufe in a fubterra- 
neous tunnel, anfwcrable to one of the old paflages that crofs the ftreet eaft of Lewes 

* By doors proper fur that intent, diit fluice nuy be made uleful for procuring artificial fcoors at low 
watcf iisdry ieafina. 

Bridge 
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Brunei from thence through the brooks, and again crofTing the river into Lewes 
brooks above bridge, from thence upland port brooks, fkirting the river with a bank 
and drain (without following the minute windings) as far as the drainage is wanted to 
be carried, which, on the weft fide, I have fuppofed to be as far up as the iron-hole j 
for the fake of the brooks call of the river another tunnel will be neceflary to convey 
their drainage acrofs the Ou/e a little above Mr. Kemp’s, and thence (kitting the river 
with bank and drain as on the eaft fide, as far as the artificial drainages are wanted, which 
I have fuppofed to be tlie Carp-Hole or HorJe-Jhoe brook. 

Returning now to the point of divifion, the N. E. branch is intended to crofs the 
river Ouje by a fubtcrraneous tunnel, and proceed direftly to the pool in Rcnjcombcy 
from thence proceeding eaftward to crofs the boundary of Ranjeombe, and after that 
fkirting the river Glynde with a bank and drain on the north fide till we are pad the turn- 
pike-road, and the brooks grow broad and open on the fouth fide the river ; from this 
point the drain is to be purfued on the north fide, fuppofed to Edly, ,for draining the 
great hoof, &c. crolTing the Glynde from the faid point, by a fubtcrraneous tunnel, and 
in like manner carrying a bank and drain on the (buth fide i this will ferve for a drainage 
of the Firle brooks, and what elfe on that fide of the river may be further necelTary. 

’ The Beddingbam, JJom, and Itford brooks are alfo to be drained by a fubterraneous 
tunnel under the river Glynde^ to communicate its drainage with Ran/combe. 

The carrying the drainage through the South . Ea/e and barring brooks may pofllbly 
be objected to, as bringing the waters upon them i but as they lay higher than the reft, 
and the earth dug out of the drains forming, of courfe, a much more than fufiicient 
barrier bank, they cannot polllbly receive any prejudice, but, on the contrary, will 
have their drainage rendered more effedlual by draining into the new cuts propofed to 
pafs through them. 

J. Smzatok. 
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Aufiborpti 27th July, 1768, 
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P. S. The general level, as taken the i8th and i9tli of June, 1767, from the fca 
to Ltwes Bridge i the latter being the moon’s quarter-day, was 4s follows ; 

Ft. 111 . 

Rife from the fea (at a flowing water) to the pier head at Newhaven, - • - 4 o J: 

From the pier head to Sleeper*s Pool, - - - « - - i 8 1 

From to the top of the below by eftimation, - - o 10 

From low water furface, at the top of the Broad Salts, to the water’s furfacc in the weft level 
near fluice^ - - - - - - - 65 

Rife from the furfacc of the weft level w^ater to the furface of ditto, at Lezves Bridge, by cfli- 

jnation,. - - - - - - • -04 

13 4 

N. B. On comparing tlie high water mark at the pier head at Neivbaven on the 17 th, 
with the foregoing levels it appears, that the high water at the pier head was above the 
level of the furface of the water at Lezves Bridge tlie fame day 2 feet 2 inches. 


ESTIMATE*for Lezves Laughton Level, upon the principles of the firfl: fchemc. 


GENERAL WORKS. 

« 

To a fea-fluice of 40 feet water-way, containing three paflages, two of 13 feet each, with 
pointing doors to feaward to keep out the tides, and diiio to the land, for holding up water 
for the uavigaticn in dry feafons, and one paflage of 14 feet, to be furniihed with a double 
pair of gates pointing to feaward, in order not only to keep out the tides, but to form a 
navigable lock to let the veflcls pafs at all times ; to be bulk with brick, witkftone quoin^ 
and facings, the threfholds 10 be laid 2 feet below io.v water mark, in that part of the 
river oppofuc the fluicc, - - - • - - - 

To cutting a new river oppoiflte Piddmghoe, to be 27 feet bottom, and Hoped in proportion of 
3 to 5, (that is 3 perpendicular to 5 horizontally) and being feet deep, will dc 59 feet 
at top, and which, for 4 furlongs 3 chains length, will contain yards, at ^d. includ- 
ing drainage, - - - - - • - 

To 7 acres of land for the cut and cover, the cover being fuppoftd at half value, is 
reckoned at half quantity ; the value per acre I do not pretend to judge of, but if, for the 
fake of eftunatioB, it be reckoned at 40/. an acre, this will come to. 

To a new cut from the turn of the river below irhite Wall, to the turn of the rircr above 
Stock Ferry, being of the fame dimenfions as the other, and 4,6 furlongs in length, will, at 
f the fame price, come to - - .... 

To 8 acres of land, at the fame price, cut and cover, • . . - 

In order to prevent the necefllty of letting in the tides, for the fake of the navigation in dry 
fcafens, and alio to give the water a more free pafiage in its lowx’ft ftate, it will be necef- 
fiiry to deeps . the following 'Oioa’-i, viz. Dean Ihallow, Sound ihallow. Bramble Bujh 
dittOi Snow diro, CV^'ditto» and Taf/all ditto, thefe at 100/. each, will come to 


s. d. 

% 

4000 o o 

894 15 o 

1^7 4 o 

957 3 9 

328 16 o 

600 o o 


Gtpcral works. 


7087 18 9 
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PaiticuUr Works for the Levels weft of the Ou/e, below Lewes- Bridge, and on both 

fides above, on north of ditto. 


To making new banks on the wcfl fide of the river, from the head of the new cut below 
JFo/ie lyall, to the high land at Southover, being in length 28 furlongs, to be at a medium 
24. feet feat, 6 feet top, and 6 feet high, the matter being taken out on one fide, fo as to 
form a back drain, at3<f. 

To land to be converted into a drain, in order to make the bank, (the land being low, I 
reckon no fpoil of land by the cover of the bank,) this, for 28 furlongs length, will be 
10,1 acres, which, if valued at 15/. per acre, will come to - - . 

To making a new fluice of 6 feet clear water-way on the north fide of JVhite Wall, the 
threfliold to be laid two feet lower than Shine fluice, to be built of brick, with Hone 
fiicingb, - - 

To making a drain from the new fluice to join Klngfion fewer, to have a 6 feet bottom, flopcs 
as 3 to 4, anJ, at a medium, 5 fat deep, this, for 7 J furlongs, at per yard, includ- 
ing drainage, is - -- -- - - 

To land to be cut for tlic faid drain, the land being low, I reckon no damage for cover 
acres, which if reckoned at 1 5/. per acre, - - - - ^ - 

To taking out four Ihallows above Leueest that obftruA the regular courfe of the current, viz. 
the wafning-place oppdfite St, Bell Shallow, above Mr, Kemp*!), Sioneham flieep- 

wafli, and Hanjey Flats, at 50/. each, ^ - 
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Particular expcnce of the weft and north levels, -- m - 1574163 


Particular Works for Rmjeombe Level, and I^evcl on the Glynde^ on the eaft of the Ouje, 


To embanking Ran/combe, from the high lands at Walkers Hole, lo furlongs, and up the river 
Gljfide to Swale Bank, 9 furlongs, of the fame dimcnfions and price as before, • 

To acres of land, to be converted into a drain to make the bank, at 15/. 

To a new fluice at Ranfeomhe of 4 feet clw..r water-way, the thrcfhold to be laid % feet lower 
than the threfliold of the prefent fluice, to be built as the former, - - - 

I'o embanking* of Ranfeomhe as before propofed, fuppofes the matter to be taken at the 
greateft convenience all round, but for the more pcrfcfl drainage of the brooks upon the 
Glynde, above Sivale Bank, it will be neceflary to take out a part of the earth from the 
river Glynde, in order to dyke it out ; the extra expence, therefore, in dyking out the river 
Glynde, from its mouth to Swale Bank, and therewith in part making the bank alongfide, 
fo as to make it i foot deeper than the pxefent threftiold of Ranfeomhe fluice, may be fet at 
To dyking out and fcouring the river Glynde, from Swale Bank to the weft end of the Great 
Hoof, for procuring a general out* fall to the eaftem brooks, being in length 12 furlongs, 
that is 480 roods, at 10 i. 
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Particular works for Ranfeomhe^ and levels on the Glynde, )m ^ 
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ABSTRACT 
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ABSTRACT. 


General Works, . . . , 

Particular cxpencc of the weft and north levels. 

Particular works for Ra/t/cemis, and levels upon the Gfyfide, 


7087 18 9 

1574 16 j 

115$ 2 o 


Upon the above we ipay allow 10 per Cent, for unforefeen accidents, and conilngcnt w^orks 
not brought to account in the above, together with uteniils and fapcrvifal. 
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SECOND ESl'IMATE for Lewes Laughton Level, upon the principles of the fccond 

fchemc. 


GENERAL WORKS. 


To tlft fea fluke at tfie tail of the main drain of 12 feet clear water-way, the threftiold to be 
laid 1 foot below low water mark, with pointing doors to feaward, and draw gates to land- 
ward, for holding up water in dry feafons for the ofe of cattle, to be built with brick, 
with ftone facings, - . 120,0 

To the main drain, to be carded as per plan, through Tarring Tenantry to IVbite IVaU^ to have 
a 12 feet bottom, flopes as 3 to 4, to be dug as deep as the fill of the fluice, that is at a 
medium 8^ feet deep, the length being 15 furlongs, at 4|</. *per yard, including 
drainage, - - - - • - 1361 

To putting a fubterrancous tunnel acrofs the river Ouftt in the reach between Ztock Ferry and 

Stockbth/e^ of 12 feet water-way, .... • xooo 

To continuing the main drain from White Wall to the point of divifion, bottom and flopes as 
before, the depth being about 6 feet, and 5 ^ furlongs length, at 4^. including drainage, 268 
To purckafe of lands from the out-fiill fluke to White WalU cut and damage of cover at 66 
feet broad, and 1 5 furlongs length, will contain 1 5 acres, which, if cftimiated as before at 
40/. will come to - - - - - - ' 600 

To purchafe of lands for the cut from White Wall to the point of divifion, (the land being 
low, I reckon no damage of cover) at 27 feet breadth, and 5 1 furlongs length, make 

acres, which, if valued at 15 /. per acre, comes to - . ^ 34 
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General woijks, .... 4464 7 .7 


ESTIMATE 
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ESTIMATE of works to be done in the weft level. 


To continuing the drain from the point of divifion, up to meet Ktngflon fewer* upon a 6 feci 
bottom; the batters 3 to' 4, and at a medium 5 feet deep ; this for 2,4 furlongs, at 2 
per yard, including drainage, comes to - - • - . 

To land for the drain to join Kingfton fewer, containing acres, at 15/. 

To embanking the river Onfe from White Wall to the top of brooks below b; iuge, to 
be at a medium 24 feet feat, 6 feet top, and 6 feet high, at 3^. per yard; the form- 
ing a back drain included, will, for 30 furlongs, come to - - - - 

To 10 *0 acres of land, converted into a drain for forming the aforefaid bank, at 15 /. 

To cutting a new north fewer, from the point of divifion to its jundlion witli the bank drain, 
to have a 6 feet bottom, batters as 3 to 4, and five feet mean depth, containing 11 fur- 
longs in length ; this at 2 J. per yard, including drainage, comes to - - - 

To land for the above cut, no fpoil of cover, containing 3 -jWj acres, at 15 /. per acre. 
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Particular charge of the weft level. 
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Eftimate.for the north Brooks above Lewes Bridge. 

i 

To making a 5 feet tunnel acrofs the river, at the head of Lewes brooks. 

To making a fewer of 6 feet bottom, with dopes as 3 to 4, and therewith forming a bank, 
by laying the earth on one fide, at a medium 5 feet deep, will make a bank 20 feet feat, 
5 feet top, and 5 feet high ; this at 2 {V. per yard, cutting and banking included, for 30 
furlongs, from (he river oppofite the head of Lewes brooks, below bridge, to the iron 
hole at the head of Han/ey, farm, . - - - . 

To land for the above fewer, containing 8 acres, at 15/. an acre, no fpoil allowed for 
banks, - 

To probable extra cxpences in the cut pafling the flreet call lide of Lewes Bri/lgey 

To a 5 Yeet tunnel to pafs the river, from Mailing brooks to Lewes brooks, above bridge. 

To a 3 feet tunnel to pafs the river above Mr. Kemf’s, to communicate the drainage from 
the call fide, - , - 

To making a bank and fewer from the faid tunnel on the call, to the Her/e-Shoe brooks, of 
the fame dimeniions as the former, being 21 furlongs, . - - 

To land for the above drain 6 ^ Vo acres, at 1 5 /. 
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North brooks 
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Eftimate fur the drainage of Ranjeombe. 

To cutting a main* drain, from tL'* point of divifion to Ranfcmbe pool, to have a 6 feet bottom, 

~ batters as 3 to 4» and at a medium of 5 feet deep, tlie length being Sf furlongs, at zf 
per yard, - - - - - • • - -13671 

To land for the above cut, contuning 2 acres, at 15/. ** * » 37 7 Q 
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Carried forward 
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Brought forward, 

To making a 6 feet tunnel acrofs the rlvei- Ottfe^ - » - * « 

To emhanking Ranjeomht^ from the high lands at Walktr^s Hoht by the river Ouft^ to the 
djndi^ and up the river Olynde to Bank, to*havc a 24 feet feat, 6 feet top, and 6 feet 
high ; this for 19 furlongs, at 3^. per yard, back drains included, conies to - 
T'o 6,84 acres of land, occupied by the drain from whence the bank is to be taken, at 15/. 


L* d 
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Particular charge for 1598 16 i 


Charge of draining the eaft brooks, or brooks eaft of Ranfeombey as alfo thofe of Bed- 

dinghm^ AJern, and Itford. • 


To cutting a drain, from Ranfeombt pool to the call extremity of R'^n/comhe, to have a 6 feet 
bottom, Hopes as 3 to 4, and at a medium 5 feet deep ; this, /or 6 furlongs, at 2 1 ‘ per 
yard, will come to 

To land for the above i acres, at 15/, 

To cutting a drain of 6. feet bottom, with (lopes as 3 to 4, and therewith forming a bank 
againft the river Glynde, by laying the earth on one fide, at a mediu.a 5 feet deep, will 
make a bank of 20 feet feat, $ feet top, and $ feet high this, for 18 furlongs from the 
head of Sivalj Bank, through the Great Hoof to Hor/e Brook, sX z Id. per yard, will come to 

To land for the above drain $^9 at 15 /. 

To putting a 3 feet tunnel acrofs the river Gfynde bdow the Great Hoof, i order to communi- 
cate the drainage of Firle brooks with the former drain on the north fide, 

To embanking the Firle brooks againft the river Gljnde, oppofite the Great Hoof, and therewith 
forming a drain, fuppofed of the fame dimenfions as the north fide; this for 9 furlongs, 
will come to, 

To land for ditto acres; atis/. 

To putting a tunnel acrofs the river Gljnde, in order to drain Beddingham brooks, of 3 feet 
water-way, . - - • - 

To embanking thofe brooks againft the river Gljnde, and thereby making a drain behind the 
bank, which is to have a 24 feet feat, 6 feet top, and 6 feet high ; this, at 3 d. per yard; 
for 7 furlongs, will come to - - • - - - 

To land for the above drain 2 -1^*9 acres, at 1 5 A 

To embanking Afem and Itford brooks, againft the river Oufe, and thereby making a drain 
behind the bank to communicate with that of Beddinghrm, being in length 14 furlongs, 
which being of diftienfions and price as Beddingham, will come to - • - 

To land for the above drain ^xts, at 15 A - * » • • 
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Particular charge of the brooks i^oa the exdufive of JUm/amitt 
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Abftraft of tlie drainage of Lewes Laughton Level, by the fccond method. 

if* S% d* 

The general woiks for bringing the drainage to the point of divifion in the well levels • ^64, 7 7 

The particular charge of the works for the drainage of the well leveb - - 1255 10 z 

Ellimate for the north biooks above Le^wes Budge, • • • . • 2792 7 6 

Eftimate for the drainage of - - . . . i5 | 

Charge of draining the btooks call of Rati/com&e, as alfo thofe of Beddtngham, Afm, and Itfird, 1762 13 6 

Upon the above we may allow 10 per cent, for unforefeen accidents and contingent works 
not brought to account in the above, together with utenfils and fupervifal. - - nSy 7 6 


13061 2 4 


Aufthorpe, July 27, 1768. 


J. Smeatok. 
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A SHIP*, 
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A S H I P’s P U M P. 

DESCRIPTION of a Ship’s Punip, defigncd by John Smeaton, En- 
gineer. 

A Pump of this conftriifbion was dcfigned in the year 1765 by Mr. Smeaton, and 
■* * executed from his direftinns by MelT. Hurrey and Co. at Howdm Dock, upon 
the river TyKe, the latter end of the lame year, which meeting with die approbation of 
the matter of the fliip on board which it was firtt fixed, who reported that it had ac- 
tually favtd the /hip, fomc others have fince been made nearly fimilar by the fame com- 
pany, but the fuperior expence has hitherto prevented fo gi-eat a demand as might have 
been expedled. In the prefent dcfign, in which the whole has been carefully recon- 
fidered, I have not rigidly adhered to the particularities of die firtt conftruftion, but 
altered fiicli fmaller matters as convenience feemed to fuggeft. 

Bcfides the advantages that were expefted to accrue above the common form from 
better mechanifni and proportion of the parts, the following was in view ; the common 
Blip’s pump in general delivers its water upon the main deck, which, according to the 
largenefs and conftru(ttion of the fliip, is 4, 5, and 6 feet above the load water linei- 
at the fame time that the load water line is not above from 14 to 18 feet above the 
fhip’s bottom ; it therefore ajipears, that the ordinary pumps 'lift the water from 4 to 
^ higher than the level at which the water might be delivered, and thereby require 4 or 
^ more power to do the fame work,, or with the fame power to do Icf. work than they 
might do by 4 or 5, in cafe the water w.as delivered at or juft above the water line for this 
purpofe. 

A A, boxes let in dirough die /hip’s fide, and caulked juft above the load water 
line. 

B B arc fide pipes, jointed with the boxes, and with 

» • 

C C, ftrohg planks bolted j^ainft the fides of the pump, in order that the fide pipes 
may be got out and in without difturbance to the pump. 

D D is a {land-pipe, to be carried up to the main deck, or as high as is thought 
necefiary, that when the feas rife above the orifices, or the /hip in diftrefs, Ihould be 
under her load water linc^ that the water may not revert and run into the fliip : and 

here 
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here it is to be noted, that both boxes and pipes ihould be wholly under water, yet it 
will no ways interrupt the action of the pump } for whenever the water in the (land- 
pipe rifcs above the level of the water without, the prefllire of the column in the ftand- 
pipe will caufe it to make its way through the fide pipes j fo that in this cafe no level 
will be loft, and though the pump it at reft, no water can revert down the pump, be- 
caufe there are the valves of both bucket and fixed box to prevent it. 

The prefent defign is adapted to be worked at the heiglit of 22 feet by four men, who 
working at a moderate rate, fo as to hold it an hour, will in that time deliver 20 
tons. I'his is upon a fuppofition of raifing the water to the ufiial height ; but if, by 
the application of the maxims abpve defci ibed, this perpendicular is Ihortened to i6 or 
17 feet, then will the fame delivery nearly be made by three men, or proportionably 
more by four men, that is, as 17 : 22 :: 20 : 26 tons at 17 feet; but in this cafe, the 
diftance of the center of the lever or brake mull bt lengthened from i foot 6 inches to 
I foot 1 1 inches 3, and the barrel muft be lengthened 4 inches. 

According as the defign is drawn, viz. for a perpendicular of 22 feet by four men, 
they are fuppofed to make no more thaij 25 ftrokes per minute, moving the pump-rod 
13^ up* and down at each ftioke. This will be much better tlian to make Ihortcr 
ftrokes and quicker, as they ufually do; in this cafe tlieir hands will move up arid down 
about 4 feet 6 inches, and the fame number of ftrokes, fcope, and prelTure at the hand 
will be fufficient for the veduced perpendicular, but then the ftroke of the pump-rod 
w'ill be 17-4: inches. 

With refpeift to the mechanilm, I believe it v/ill appear fuffic'ently plain by the de- 
figns, which are drawn true to a fcale ; but it may be ncce/fary to remark, that the 
working-barrel »s to be of brafs, and very truly bored, the bucket and fixed box of the 
fame conftrulftiQn as thofe ufed in the fteam-engines, and the pump-rod is’ to be made 
of the bul'K repref nted in the figures, not by way of ftrength, but by way of weight, 
that when the brake is lifted up the pump-rod may readily defeend by its own weight ; 
and it is to be noted, that if the weight arifing from the dimenfions fpecified does not 
carry it down with fufficient readinefs, that it is a fign the bucket is too hard 
leathered, or the valves too heavy. 

It is to be obferved, that the foot of the pump is to be let through the cicling be- 
twixt two of the floor timbers, and not to touch the bottom or outfide planking withia 
2-^ inches, and that the lower end be rounded trumpet fafhion. I entirely objeft to the 
pump’s ftiiwiing upon its lower extremity, with holes bored to let in the water. 


N.B, 
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N. 6. If the foot ftands clofe to one or both timbers, there ought to be'kft 3 indies 
between the bottom and the planking. 

In cafe the pump is made to the feet height the ftand-pipe will tiien become un> 
neceflary j and therefore to allow a proper length and weight to the pump-rod k will be 
proper to let down the working- barrel door and box lower down in the tree. The quan- 
tity muft be afligned by the convenience of coming at the door j but the working-barrel 
had better not be above iti or 17 feet above the bottom. If it can be avoided. 

The four men are fuppofed to Hand one on each fide the middle Item of the brake, 
and one on each outlide of the branches, and every quarter of an hour they will find an 
cafement by changing hands, .which is done by changing places. 

This pump may be worked by fix men, but not fo as to produce a greater quantity in 
proportion to four ; it may alib by three, but then they muft change every quarter of 
an hour. 

• 

It may be made alfo to work double, in which cafe eight men may be employed with 
advantage; but as I imagine two independent pumps wHl be better adapted* to ihips 
ufe, .that if one be out of order, or happen an accident, the other may be fervio(- 
ablc, it is for this realbn I have.not given a defign for a double pump. 

I fiippofe it fcarce needful to fay, that it would proper that a bit of the deling Ihould 
be made to lift up near the pump’s foot, that a man may occafionally get in his arm to 
clear away any chips, ‘fand, dirt or other matter that may happen to be drawn thither. 

9 

Jufiborpet J. Smbatont. 
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CARRON FURNACE. 

The REPORT of John Smeaton, Engineer, concerning the Improve- 
ments of the Blaft at the furnace at Carron, No. 4 . 

TTAVING maturely confidered ihc eaficft and moft effcftual way of altering the 
blaft No. 4, fo as to perform its bufinefs equally with No. i, I recommend the 
following alterations, yet, without a total change, which is not the prefent objeft, the 
company will be obliged to fubmit to its tifing more water than No. 1, though, in this 
rcfpeifl, they will find it greatly improved beyond its prefent ftate. 

I would adviie that the water-wheel and the three cylinders, with their relpeftive beams, 
remain as they now do, as alfo the frame that holds the crank, but to add a fourth cy- 
linder abreaft of the other three, on the outfide or ftirthcft off from the water-wheel, 
as alfo a fourth beam abreaft of the other ; the fourth cylinder to be -of the fame fize, 
and in all refpefts fitted up fituilar to the other three. On this occafion it will be nc- 
ceflary to call a new crank with four necks, making right angles with one another, and 
at diftances anfwcrable to the'four beams,, and having the fame fweep as at prelent. I 
ajpn not perfeftly clear whether there may be room enough between die prefent outmoft 
cylinder and the wall to place the new one, but if not, the wall muft be cut away to make 
room for it ; with refpeft to the beam, it is no matter if it works very near the wall. 
Another couple or frame muft be added for the crank, like the prefent, and like the pre- 
ffent the fourth neck may work in the air without an outward fupport. The receiver or 
air veflcl will probably want recafting, to receive a fourth air-pipe from the fourth cy- 
linder, nnlefsthe workmen can contrive to cut a 'hole into it, and by proper ftraps to 
confine the additional pipe thereto. 

> 

" * 

As I obferved a great deal of friction in the rods pafting the collars in the top of die 
cylinder, and yet loft a great deal of air, I mentioned laft fummer a method of leather- 
ing them, as well as thofc of the fire-engine, in a different way, whereby they would 
npt only be rendered air-tight, but the fri^ion in a great meafure avoided ; and, that this 
^ method may be properly and fuccefsfully. applied, I inclofe a drawing, which method 1 
advife to be applied not, only to the new cylinder but to the three old ones,, which may 
be done by .cutting off the prefent necks, and drilling holes for the bolts. 


DECRIP. 
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DESCRIPTION of the Collar of Leather to be applied to the Blowing-machine at 

Carron, No. 4. 

f 

A B reprefents a portion of the cylindrical rods that work though the collar of 
leather. 

C D is a portion of the feftion of the great plate that covers the top of the cy- 
linders. ' 

£ F is a feftion of a cylindrical piece of wood, having a cylindrical hole through 
the middle, through which the rod may Aide freely, 'but with as little fliake as poAible, 
which is to be made of beech, crab-tree, yew, or fome hard or tough wood that will 
wear well witli iron. 

al>c ahe Aiqws the feftion of the leather by which the hole is made air-tight, and is 
like an hat with the top of the crown cut out. 

G H I K G II I K is a feftion of a cylindrical box fop holding the cylindrical piece 
of wood, with proper Aanches, by which the box is ferewed. down to tire cover C D. 

, and by which the plate, of wh’ch L M is the fefbion, is ferewed down fo as to hold fart. 

N O is the feftion of a piece o leather for fccuring the joint betwixt the box and 
the cover. 

It is obvious from the figure, t.iut no part of the cylindrical rod is intended to touch 
the ironwork nor the leather N O, but that it is to be kept fteady by the wooden cylin- 
der, and the joint rendered air-tight by the pliable cylinder of leather he bcy which, 
as well as the wood, are to be changed whenever they are found to faili ' ‘ 

r 

The method of making thofe leathers is as follows : 

P Q^reprefents the fe£lion of a cylindrical iron ring, whofe external diameter is equal 
to that of the wood C D, and whofe internal diameter is about 4 of an inch larger than • 
die diameter of the cylindrical iron rod A B. 

R S is the fc^ion of a fiat round piece of leather of about 4 of an inch diick, bang 
of the tluckeft fore of leather u&d for the upper leathers of (hoes. 


TVWX 
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T V W X is a piece of hatd wood, turned to the 0 iape here reprefeAtedj whereof 
the part T is of the fame diameter as the cylindrical rod AB and V W, to theiame 
• diameter as the wood E F ; then having cut the piece of leather to about an inch moi e 
in diameter than V W* with a mallet ilicking upon the head of the piece of wood at X, 
the leather will be forced into the iron rihg> and form the ihape of an hat, and with 
knife cutting off the fuperfluities even with the outlide of the wood V W, it wUl then 
be of a fize proper for ufe $ after Haying fome little time, releafe it> and with a (harp 
narrow'bladed knife cut out the crown even with the infide of the cylindrical part of the 
leather, and by holding the blade of the knife parallel with the axis o£ the cyUnder, it 
will give it the fhape aic ahc* 

a 

The leather will be rendered more compilable, if need be, by being firft we®, and 
will keep its fhape better if fuffered to dry in a thin hoop, whofe infide is the fame as 
the infide of the ring P Qj if it cannot be made* without puckering, it is a fign that 
the part T is too prominent, for even j an inch of turn down will anlwer the purpofe, 

dintle leather wetted is alfo more compliable than the common tanned. 

• 

It is to be obferved, diat^the rods be draw<iled very fmooth, and BrH of all worked 
with a miixture of foft greafe and powder of black lead, and afterwards black lead 
limply. 

It will alfo be of fu^er advantage, in re.peft to the faving of water, to lay the 
water about three buckets hi^er upon the wheel, according to the method firH pro? 
pofed for No. i. 

J. i^MXATOtt, 

February 1 1, 1765. 


Anfwer to Queries by McfT. Gri£ve and Benson. 

j*u!f iS>i * 7 ^ 9 - 

Mr. Gascoigne having>fhewn me Mr. Smeaton’s letter to-day, in which there is 
the following query, viz. 

** Mr. Grieve informed me, that at the rate I faw No. 4 a-going, viz. 18 cylinders 
per minute, diat (he did 30 balkets per day : query, what is her common rate of blow- 
Yoi* I. A a a ing, 
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ing^ tiiat is, how many cylinders in common with n full head, and how many balkets is 
then done ?” 

To which 1 anfwer, that i8 cylinders per minute is the vfual rate of blowing at 
No. 4i that (he blows down from 30 to 35 charges per day{ (he is not now allowed to 
go more than 18 cylinders a minute, which is performed at the lower gate at all times, 
and with die upper gate when the pool is very full. Some time ago both gates were 
ufod, evfn dien Ihe never went more than as or aa cylinders per minute, nor more 
than between 30 and 35 charges per day, yet I have known her drive as many as 45 
charges per day; fuch is the uncertainty of founding on the number of charges as the 
bafis of a calculation. * 

iNfe alfo informed me, that No. 3 made 15 cylinders per minute with 1 gate, and ift 
cylinders with both j query, how many bafkets reipeAively f 

9 

To this 1 reply, that No. 3, with a foil head, does make thefo cylinders } at this for^ 
nace we always blow with both gates, and therefore I cannot fay how many chaiges (he 
may run at 15 cylinders per minute; but at 1.8 Ihe biows.down from 35 to 29 chaiges 
per 6 ift and if dio water b die pool be a feet or 30 bches bwer tban full head, this 
No. 3 furnace will not drive above 1 5 or 16 charges per day. 

Mr. Smbaton wiU pleafe to advert, diat. a charge conli^ of foveral balkets of 
iiune, oodi and Itme-ftone* which is put into thcfomace when the materials are funk 
b her CO a ceitun depth ; now dus charge confifts fomedmes of more -or lefs balkets 
dian at other tunes, juft as the working of the furnace requires it; and it muft like- 
wife be obferved, diat the quality of the materials has great bfiuence on the drivbg of 
ihefumace., 

JbHar Gribvb.. 

# * 

When Noi 1 blows ay cylbders per mbut^ Ihe win make a 8 balkets pec day.. 

WlMnNo.va Uowi 3[4.bellow8 per mbute, (he will make' ao balkets per day. 

. J. BfeKAOK* 


Mr. 
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Mr. B£ksoh*s Anfwers to Mr. SmeatonV Queries of the nth, as fiu* they reipeft 

No. 1 and a. 

Crrrwf, July la, 176^. 

IN the firft place Mr. Sme aton will pleale to obfcrve, that the coals and lime-fiones, 
ufed in each furnace are all of die fame qualities, and nearly the fame quantities ; the 
difference is not worth notice. 

Query ill. Anfwer. The mines ufed in No. i and 4 are quite difierent qualities, fo 
can only fay what difference there is in the weights of the mine ufed to a charges No. i 
charge of mine is about V-? to r\- heavier than No. 4; when No. i is running 28, and 
No. 4, 30 to 35 charges per day, fuppofing both furnaces of the famt lhape, bat they 
are not, No. 1 blaft is more repelled than No. 4. 

Query ad. Anfwer. The materials of. No. 1 and 2 are much the funes die mine of 

No. I charge weighij about heavier than No. 2 this difference atiles chiefly from the 

fliapes of die furnaces, and not from the blaft. 

• » 
a 

. Query 3d. Anfwer. The quality of the iron in No. 1 may be as good when Ihe mas 
a8 charges per day. as when (he runs 1 8 and 23, provided fhe be working what we 
call clean natural mines, or mines not pofTeffed of poifbnous matters s but the quaUty 
of the iron depends upon that^ and the quantity of mine ufed to a charge. 

Query 4th. Anfwer. I never wrought No. a at 10 to 12 charges per days but was 
that the cafe) ihe would take a double fet of men*to work her, and the iron would be 
fo cold for want of its mother cinder, which cinder can only ^ produced in a blaft fur> 
nace by a pmpei' quantity 'of blaft, it wotild be of no fervice but ft>r pigSi> and fcarcely 
would run out of the hearth even into them. 

JoRR Bzrsor. 


Mr. Grievs's Anfwers to Mr. SNsaftowb fix Queries, dated the 1 idi inftan^ as Ar 
as they refpe A* No. g and 4. B. Furnaces. 

Qanmt July ia> 1769. 

TO Qut^ ift. The colt and limdhilie ufed M a chaige is much the fame in all the 
ftirnacei. 


Aaa 2 


No. t 


f 364 1 

4 

ifb 1. carries commoi^ or tt of. more mine to a charge than No. 4. but it 
nmil be obferved that the quality of the mines ufed at No. 1. and No. 4. are always 
difierent, and to come at the ability of each, they Ihould be loaded with equal mateiials. 

To Query ad. I reckon No. 3 carries Vr or Vt pwt more mine than No. 4 ; but 
this is as iMcertain as the anfwer to query ift, on account they are never loaded with 
the fame fort of mine. 

To Query 5di. With the fame materials, I believe. No. 1 and No. 4 will make 
nearly the lame quality of iron, yet there may be a difference in favour of No. 1, on 
aCc6unt of her drier fituacion, and her better make. 

To Query 6th. This depends entirely upon the nature of the materials; No. 3, when 
fhe drives 25 m 29 charg,e& a day, will make as good iron as when Ihe drives only 15 
01 16 charges a day, provided, in both cafes, Ihe be working what wr call wholefome 
mines ; but if the' materials are endued with any pernicious qualines, every furnace will 
make better iron by working than fall; i The reafon is obvious, by driving flow the 
materials remain longer in the body of the furnace, and fo have more dme to throw 
out their fulphurs, or the heterogeneous matter, with which they abound, cfcapes by 
fublimadon or attraflion, which hard driving would carry down with and poifon the 
iron. 

John Grieve. 


EXPLANA'l'i^ON for the Delign of the Blali; Machine for the Furnace No. 2, at 

Carren. 

AS in this machine 1 have the advantage of ordering the waterwheel, tidiich I judge 
baft to be over-lhot, this circumftance reduces its height fo much, that, by a fmall 
enlargement of the eylindersi it can be allowed n> go at.fuch a fpeed as to do without 
geer, which however well they have aniwered in No. i, where they were neceflary, yet; 
where the flune proportions ha tbs movements can be accompUlhed without geet, are 
more properly avoided. 

I' hawe allb chofe, inftead of making two regulator beams worldng a cylinder at each 
end, St ip-Ko. 1, to make four beamaOr great levers withtcyUiKiers at one end only, 
by this means, the fisup of die crank always laj^g downwards, and bearing i^n it» 

bralto 
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brafib tbe fame way aa the water-wheel, will .work more eaiy and pleafant, and be lels 
liable. to get a (bake, and be out of order by continuance of wear : Thewhok;^ Aere« 
fore, of the motions being performed with more eafe and Emplicity than No. i, 1 cx^ 
pe6t it to be fubjeft to lefs attention and repair^, and that it will not require above ^ 
of the water to work it, taken by No. i. 

» 

There will be more timber in the framing, but as it will be nothing but oonemon 
fir timber, 1 apprehend this will be no objed, and this will be more than fared in dte 
water-wheel and axis, the Ipurn -wheel, and pinion. 

No. I is a defign for the upright of the water-wheel j it is here Ihewn to be of 3Q 
feet diameter, but as, on my laft view at Carron, I underftand that the wheel No. 1 
lays lower than the reft,, and is fometimes aftedei by tail water, when Sttnbo^e miilf* 
dam is full, a circumftance I was not before apprifed of } in order to avoid that, it may, 
perhaps, be ncceflary to reduce the diameter of the new wheel from 20 feet to 19 feet 
6 inches; but, -yet, if Stenhouje mill-dam never tlirows above 3 inches' dead' water i^n 
the bottom of the pi>efcnt wheel, then the new wheel may be laid as low as the pre&at 
wheel, becaule that quantity, of dead wajeer, fuppofing the tail water-courle from the 
wheel be open and free, will be of no prejudice. to the going of the new wheel. 

% 

The redudion of the water-wheel to 19 feet 6 inches is, again, only upon a iuppofitioa 
that the pond is fubjcd’to be reduced 1 ft>ct 9 inches below head, as 1 law k the ytii 
inftant; but if it is never fuftered to go above 1 foot below head, as advifed in my re- 
port of this day, or, at m<^, 14 or 15 inches, then the water-wheel may be of its full 
fize, though it Ihould be obliged to be raifed $it the bottom from 3 to 6 inches, to 
fufticiently clear the tail water. 

9 

The iplevatton here given is fuppofed to be of the outward front, 'but as I find thit 
tail water goes off the contrary way to what is here Ihewn, and ’will require a different- 
kind of penftock, for which 1 will fend a partigiilar defign when 1 return to EngUnd^ 
it will be proper to lay a fweep to the bicaft cf this wheel, to fit it as clofe as pohible, 
but it may either embrace the wheel a quarter round, or only ^ of the circle' as is fbund 
moft convenient in ’the execution; the two different ways ar'e Ihewn accgidingto the 
letters JV B C and A D £. ■* 

i 

The width of the wheel is fuppofed to be as great u the conduit will allows xs it 
wUl work fteady like No. 1, no allowance need be made for il,ake.. 


Nb». 
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1 ^ 0 . 2 is apian of thc'whole maciune, and an elevation of one of the fruls frames 
and beams, ^di a feftion one of die cylinders ; upon which it is only neceflary to 
obferve, that as the method of framing the trufs-frames are the fame as No. i, what- 
ever difference there is in die dilpofidoh, will be fo/Hciendy obvious from the draug^. 

It is, however, to be obferved, diat as, for the eafe of cafting, I have liippofed the 
crank to be caft in two pieces, particular notice is taken that one of the heads be fet 
a frnall matter atwifi^ with the arms of the crank, that when the whole crank comes 
ton bearing in the box that couples them together, the arms of the firft half of the 
crank may make a perfeft right an^ with the arms of the fecond, otherwife if this 
circumftance is not attended to, the Clearance necefiary to get the box entered upon 
the two heads, will produce a lhake, that when the whole comes to a bearing, the arms 
of the two halves of the crank will not fbind fquare to each other, which will produce 
an inequality in the blail. 

The crank end of the regulator beam or lever has a piece of call ii'on A, which! s 
to be made of fuCh a weight as to overhaul the pifton, which, for the fake of lightncfs 
in this machine, is to be made of wood,, or as light of<^ron as it can be properly 
caft; the piftons, however, are to be leathered, as in No. i ; the propofed ufe of the 
weight at A overhauling the pifton, is to prevent die crank -rod from changing its 
bearings upon the crank neCk, for, by always bearing downwards, it will be no matter 
whether the neck-collars be tight or not, ib diat the only collars that will be needed to 
be keptd^t, (which they very ealily mrqr, having but litde motion,) are the tops of 
the crank and pafton rods, and the center gudgeon of the levers. 

• 

B is aproviftonary flanch, which is here lliewn to be mute ; the opening to be about 
6 inches diaipeler in the clear, and the ule is, diat in cafe a perfc(ft equality in the blaft 
ftiould be afKrwnds'ibuftd to be preferable to all others, as I am at prefdnt much in- 
clined to fuppofe, froni hence there may be made a communication to an air receiver 
or veflel, which will fully efteft that purpofr. 

' • J. Smeatok. 

jidy 3I} 1769. 


The 
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The WATER at CARRONl- 

The REPORT of John Smeaton» Engineer, concerning the quan- 
tity and difpofition of the water at Carron^ from a view taken thereof 
the yth of July,. 1769. 

K S the feveral blafl: furnaces at Canon are of different dimcnfions, work upon dif- 
ferent kinds of ore, and take different quantities thereof at a charge, the wheels 
take their water at different heights, and, at the time of this view, the pond from which 
they were fupplied was fo low, tjtat the head of water upon each wheel was a good deal 
uncertain in the diffei'ent penflocks ; it is not to be expected that any very acenrate con> 
clufion can be drawn by way of comparifon of the feveral machines, in regard to their 
powers of reducing' the ores or mine into metal ; yet, in attempting the comparifon 
in the belt way I am able, it appears to me diu feveral matters offer themfelves which 

feem worthy of ferious attention from the Company. 

• 

Amidft the uncertainties above mentioned, it. feems impofiible to fix upon any ab- 
Iblute criterion or common meafure to which they can all be reduced. The quantity of 
ahetal produced from the furnace feems improper,, becaufe the poorefb ore (]L muft pre- 
fume) takes moft labour of the furnace, and yields the. lead iron ; the different quan- 
tity of air that each machine throws into its refpcAive furnace appears alfo equally, 
unfit, becaufe, if we ate to- judge by this alone, it will appear that the machine Nu. 4 
will, with an equal fupply of water, throw-out mote air in a minute than No. tj 
and this will alfo hold with No. 3, and therefore we muft conclude that the machine 
No. I is inferior to No. 4, and alfo to No. g. *A conclufion which 1 fuppofe muft 
be rejefted from all expei;ience hitherto had,.and.confequently the premifesfrom which 
itisdrawn.. ** , . . * 

« 

It remains therefore that die number of cKfuges, as they do not much differ in weighty , 
which each furnace (an work off in a given .time, relative to a g^venquandty of water, 
is theonly handle-we can at prefent lay hold of, and is, as I perceive, , the fame, by which 
the managers.and workmen reckon j and though,, en.theraccount.befi»re mentioned, it 
may not be vcf7<c9ia«ft as common meafuse,- yeti find the differences of the effefts of the 
fiimaces relative to «^en .quantity of water ace. fo very remarkable, that.diough our 
oonchafion formed from thence will' be fhortof perfeA accuracy, yet they may enable us 
aoadopt a better difttibution of the water than at pyefentl. 

TUt 
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The diftribution and efFe< 5 fcs of die water on the day of view was as follows : 


Table i. 



Strokes per minute. Charges per day. Cube feet of water expended per minute. 


‘9 

*3 

. *67 

z8 

18 

sss 

16* 

30 

780 

Total charges per day 

71 

with 1602 cube feet of water per minute. 


N. B. At this time No. 3 was ftanding ftill. 


When all the furnaces have a full head and fupply of water, the number of ftrokcs 
of the cylinders and bellows per minute, relative to the number of charges per day, as 
per information of Mellrs. Bevson and Grieve, are in the following table i and com- 
paring the feveral heads of water and apertures that thefe muft obtain with the prefent, 
the .expence of water 'relative to thofe ftrokcs and charges will alfo be as therein 
ipedfied. 



Strokes per minute. 

Charges per day. 

Cube feet of water. 

No. I. 

25 

28 

481 

2. 

34 

20 

. 76* 

3- 

18 

27 

1362 

4* 

18 

321^ 

852 



107*- 

3456 


Now, comparing the refpeftive numbers in the fecond table with thofe of the firft, it 
appears, diat the quantity of water expended to drive an increafed number of charges, 
gitady exceeds die proportion in which the number of charges increafe ; for talcing the 
totals, to advance the charges from 7 1 to 107^, that is nearly as a to 3, the water 
mull be incrcafed from i6oa to 3456, that is more than in. the proportion of a to 4. 
Agun, in the furnace No. i, to advance the charges from 23 to 28, the .water iptift be 
almoft doubled, and the difproportion greater or Icfs is obfervable in all the reft. 
Mr. Grieve reports, that re^iedingthe furnace No. 3, with the upper gate drawn 
alone, wi^i a full head of water, it will give 15 cylinders per minute, but with both 
gates drawn^ in which ede the expenditure of water will be doubled, the number of 
cylinders are no more than 18 ; and as it otherwife appears that the quantity of charges 
relative to eadi furnace is almoft, but not quite,, proportionable to the nuiriber of cy- 
linders, in the furnace dfothe difproportion between the water abd die charges is as 
great as in any of die reft, and indeed the proportion, though in Ibnnewhat di ff eren t 
degrees., appears ft<nn the unit^ teftiinony cd* die machines of every conftni€kk>n. ’ * 

Obforving 
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Obfcrving this difproportion, and my mind fuggefting to me the ufe tlut might be made 
thereof, towards a better allotment of the water, I found it neceflary to know whetlier 
the iron produced by the feveral furnaces at .their low rates of working was as good as the 
iron produced at their higher rates of working ; and from the anfwers I have received 
frOmMelTrs. Bekson and Grieve, it appears that the low rates of working produces 
quite as good iron as the higher, and in cafes of impure mine confiderably better j how- 
ever, it feems there are rates of working fo flow, tliat the iron would not be put in a 
fufficient fufion, as would happen if No. 2 was reduced from i8 to 10 or 12 charges 
per day. 

From a diligent comparifon of the above particulars with each other, and alfo with 
the theory which tliey ought to ‘conform to, if the experiments could have been made 
with accuracy, I have endeavoured to fettle the proportions in which each furnace 
would work with an equal diftribution of water, according to .the quantity in wliich it 
was ufed during my obfervations on the day of trial, which, according to table i, was 
at the rate of 1602 cube feet per minute, fay 1600 ; by this means we fliall be. enabled 
in fome meafure tp enter into the merits of each, as well as to elucidate fome other 
points, Siippofing then the 1600 feet equally divided amongft the whole four, cacli^ 
will work with 400 cube feet per minute, and their feveral performances may be expedted 


.as follows. 





Strokes. 

Charges. 

Cabc feet ‘of air per minute. 

■No I. 

23!: 

27 

1194. 

2. 

• *s 

16 


Table 3. ’ ^ 

1 2 

18 

*459 

- 4 * 

«3 

H 

• xiil I 



4 

Total number of charges 73 

Ditto per table 1 ft 71 ' 

Difference - ^ — 

2 in favour of dlrpofulon table 4. 

VoL* L B b b N. B. 
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N. B. This laft difpoiition, though it advances the number of charges by two, yet as 
it throws more work upon No. i and 2 collc6tively, and lefs upon No. 4, which works 
fingle, I fuppofe the convenience upon the. whole may be left. 

• 

The following equal difpofition of the water amongft three furnaces may perhaps 
anfwcr better, as it not only makes a better produce, but divides the work of the two 
houfes more equally. 

rNo. I, 26 

Tabh s- '5 3- »3i 

t 4. 14‘i 

Total charges 

Ditto per uble lil 

‘DifFereiKS 

From the above difpofition, I deduce the following probable inferences. 

I ft. That the number of charges docs not depend vdiolly upon the quantity of air 
produced by the machines, but in a great degree upon the regularity of the blaftj 

( 

2d. That the number of charges does not depend upon rhe velocity wherewith the* 
air is thrown into the furnace, but rather upon the quantity of air that is made to pafs 
regularly through the materials contained in the furnace in a given time. 

3d. That this quantity fo made to pafs may have its limits, for too much may fpoil the 
metal by over-heating it, and too little will not produce heat enough to give it, and 
keep it in the ncceflary ftate of fufion, and which limits can only be afeertained by ex - 
perience. 

* . «■* 

r 

4th. That the worft hnachine is capable of working a given number of charges witli 
lefs expence of water than will be required .to be added to ^ the beft, to advance its pro- 
duce by an" equal number. 

«- r 

6th. That the moft advantageous way, when water is Ihort, is to. keep down No. 2 
and 3 to as few charges as can be admitted to do their bufinefs well, in point of qua- 
lity, and to divide the water, after thefc are ferved, et^ually betwixt No. i and 4 j but 
when No. 1, fo ferved, runs above 28 charges, or No. 4 above 30, then fuch overplus 
to be equally drawn upon 2 and 3, and fo on, upon the waters mending, till they are 
all advanced to their higheft pitch, and the contrary method upon its decline. 


533 cube feet per minute^ 


4^ in favour of difpofiuon Table 5. 


We 
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We will now examine the real fupplies at* the times of fliortcft water, and endeavour 
to afcertain the bell; means of ufing it. 

From the gage of the river’s water taken at the long arch it appears, that at that 
time it amounted to 990 cube feet per minute ; but as the water was faid to come down 
more in the day than the night, on account of ftoppagc of mills above, and alfo that 
fomctimes by continuance of drought runs (till fhorter than at prefent, it was thought 
it was in the greateft fcarcity on an average not more than 4 of what we then mpafured. 

The fire-engine at that time went from 6 to 8 ftrokes per minute of 5-^ feet each} 
but as /he was frequently obliged to ftbp to gather fteam, this with other ftoppages in 
the 24 hours, together with the lofs by /hutting of valves, makes me reduce her ave^ 
rage rate to five ftrokes per minute at 5 feet each. 


The fire-engine will therefore raife per minute 440, 
And the river Carron at loweft - - 660 

t 

• » Total - 1100 


‘ I unclerftand from Mr. Grieve that No. 3 makes good iron .at 15 charges jjer day, 
and from lyir. Benson that No. 2 will not anfwer at 10 or 12 j but I will fuppofe that 
No. 2 will work as well at 15 charges as No. 3 does, and as they are allowed to woik 
well at that rate, they may be fuppofed to do fo at a fomewhat a finaller rate ; dividing, 
therefore, the i too feet equally amongft the four furnaces (whitjli reduces No. 2 and 3 
nearly to the rates abovemeotioned) we /hall havc.as follows : 


T;tblc 6. 



• Strokes. 

Charges. 

Nq. 

• 

- 21 * 

23-8 1 

’2: 

3 - 

zn 

loi 

perminut-: 

4 ' 

iiJ: . - 

21.2 J 


• 

Total charges 

• 75 


' Ditto per table ift 

71 


• Difference 

4 ip favour of diipoliiiou No. 6. 


Hence it appears that in t^ loweft ftate of the river Carron, by .dilpofition table 6th, 
there will be 4 charges per day worked by noo feet of water per minute more tlian is 
done by diifpofition 4 ;able ift by 1600, 


Bbb 2 


To 
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.Tocompleat this view, I will luppofe all the furnaces equally peH<^ as No. t, and 
that they arc confined to the fupply of the river Canon alone in its loweft ftate, that is, 
660 cube feet per minute •, there will be therefore a fupply of 165 feet for each machine. 
Thcfe 4 machines with that fupply will go 17-5 cylinders each, and work 19- charges, 
in the whole 7,8 charges per day, that is, 7 charges more without the fire-engine than 
they do with it at the time that the river Catron fupplies 990 feet of water per minute. 

In thefe computations I rejeft the circumftance that No. i and 3 carry about more 
weight of ore to the furnaces at a charge than No. 2 and 4, which is much in favour of 
the two former ; but as there appears to be fevcral other differences of circumftances as 
well as thofc, I rather chofe to take the whole in the grofs from the number of charges, 
without dwelling on minute circumftances. 


Concerning the Nofe-pipes. 

It is fuggefted in the 2ti dedudlion, that the effeft of the furnace does not depend 
upon the velocity wherewith the air is thrown in, but rather upon the quantity of air 
that is made to pafs regularly through the materials contained in the furnace in a given 
time. 

My reafons for this inference are the following : that in all cafe^ the number of charges 
worked by each furnace are, when proper deduiftions are made for the fridlion of the 
machine, very nearly proportionable to the quantity of air thrown in by die fame ma- 
chine, and though it will hold equally true, that when different quantities of air pafs 
through the fame nofe-pipe, the velocity will be proportionable to the quantity, and, 
therefore, in dike manner proportionable to the number of charges ; yet, as a double 
quantity of air applied to a double or two furnaces with an equal velocity, produces 
a double effed, it is moft probable diat a double quantity of idr producing a double 
cffeifl in the fame furnace, is alfo owing fiihply to the double quantity of air thrown in, 
the double velocity being only a concomitant circumftance attending the throwing a 
double quantity through the fame orifice and this appears ftill the more probable, as 
within certain limits a lefs velocity of air as effeflually converts a proportionable quan- 
tity of mine into metal as a greate*. Now fuppofe any furnace, for inftance No. i, 
will do her work well at 14 cylinders per minute, in wiuch cafe foe is faid to difpatch 
18 charges wi^ a nofe-pipe of 3 inches, if the machine is made to go 28 cylinders, 
and drive fter air through a nofe-pipe of double area, viz. 4^, fhe would then blow a 
double quantity of air, and would only require a double quantity of water j but if fhe 

is 
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Is made to blow a8 cylinders through the fame hofe-pipe of 3 inches, it will require eight 
times the quantity of water, and yet the number of charges Jcarcely douhUdt and the 
metal itfelf, at the beft, ho better, and in fome cafes not fo good. Hence appears not 
only the great advantage in point of water, of working a greater number of furnaces 
at low charges, rather than a fmaller number at higher, but alfo the advantage of ap - 
plying as wide a nofe-pipe as can be admitted, fo that the air may really enter the fur- 
nace, and not be repelled back again ; and in this refpefb an equal blafl. will have very 
greatly the advantage over an unequal one ; but I apprehend that it may be pradli- 
cably known when any part of the air is repelled, becaufe when there is no fertfible re- 
verberation on the hand or face, it is evident it muft enter the furnace. If, therefore, it 
fliould be found, that when No. i goes 25 cylinders, all the air will enter the furnace 
from a nofe-pipe of 4^ inches, or, for the fake of an addition of velocity to make it 
enter, fuppofe of 3^, it will then work with 247 cube feet of air per minute, inftead 
of 481, which, per Table 2, is requifjte for the fame numbef of cylinders through a 
3 inch nofe-pipe ; and, confequently, if all the furnaces were equally perfeft with No. i, 
they would be* capable, in the very lowcft ftate of the river Carrow,* (with the prefent 
help of the fire-engiric) of doing more v/ork than they now do with a full fupply of water, 
and without the fire-engine would do more work than they now do with it. 

I# 

’ After all, I do not pretend to determine that things w'ill fucceed exaftly in this man- 
ner. The.phyfical nature of bodies is not to be circumferibed by geometrical reafon- 
ings, which have only quantity for their objedt j* all I mean really to inveftigate is, that if 
the nature and convenicncies will, upon trial, admit of their being worked in the manner 
fuggefted, then fuch advantages in point of power will follow i yet I do not mean to 
fay that the advantages will follow precifely in tlK quantities I have let down; this is not 
to be expedled, unlcfs the data on which I have been obliged to proceed could have 
been more accurately had ; however, notwithftandrng a degree of inaccuracy in the 
data, I prefume it cannot be fo great but that the reafonings thereon* founded will at Icaft 
(hew which way the advantage lies, and thereby furnifli matter *for experiments, which, 
as they could eafily be tried, and if attended with fuccefs will be of great confequenCe 
in die application of the prefent powers to the beft advantage, I cannot but qarneftly re- 
commend the trial thereof as fpcedily as convenience will admit, which is the whole aim 
of what 1 have dcRvered. 


Concerning 
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Concerning the Improvement of the Blaft Machines. 

No. I is now fuppofed compleat, and a ftandard for the reft. 

No. 2 appears at prefent to be the moft faulty, but when rebuilt according to the 
plan given in with this report, I fuppofe will perform at leaft equal with No. i in making 
iron, and go with or 4 icfs water. 

r 

No. 3 appears to take confiderably more water than any of the cylinder machines re- 
lative to the number of charges j what preference it has in reducing thofe charges into 
iiictal I can be no judge of. I apprehend, however, it would be confidcrabiy improved 
in its prefent form if the two blow-pipes were connefted by an air-cheft furnifiied with 
valves, and from thencfe to blow from one nofe-pipe. As this alteration may be eafily 
made it feems worth the trial ; but I apprehend it will never perform quite well till it is 
put into the form'of cither No. i or 2, 

. < 

No. 4 will, I apprehend, perform nearly with No. i, ^yhen furnifhed with a fourth 
cylinder. This I fuppofe, becaufe when their effcifts are compared when working with 
the fanre quantity of water as per table 3, the difference is not much greater than 
what Ihould arife fj om the wrong proportion of the parts of No. 4, which will be in a 
great mcafurc correfted by the addition of a fourth cylinder. 

It would be a faving of water 'in the whole if the pond of Carron was never fuffered 
to go lower than from h inches to a foot below a full head, and rather than fuffer drat* 
to draw the neceflary water from the refervoir at Larhet, or to reduce a number of cy- 
linders blown at each machine, according to the proportions fuggefted in tables 3d 
and 6th. • ‘ ‘ • 

Concerning the Boring Macliincs. 

, , .Cube feet. 

The over-ihot wheel ip boring a gun of 6^ inches, ufed per minute - - - 341 « 

The cutiing* machine • • - - - - -^•168 

^ « * Together 50^ 

But as one cutdng-mill fupplies two boring, fubtraft half the cutting-ihiirs water - - 84 

r 

Keat quanti^ expended to keep a cutting and boring machine at work continually - - 425 


In 
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In regard to the fmall boring and turning mill at the fide above, I Hnd it takes 495 
cube feet per minute ; but as I underdand it only goes when there is a full head and 
plenty of water, I lay it out of the conCdcr^fion. 

It appears then, that to keep one boring machine, with the neceflary cutting, going 
continually, they take near ^ of the whole produce of the river Carren in (hort water 
times, that is, almoft as much as the fire-engine draws j and though thefe machines be 
fuppofed to go only. 1 2 hours in 24, yet they will ftill confume as much v/ater as will work 
the furnace-machine No. i at 22 charges per dayj a deftruftion of power whichltas been 
very properly feen by the Company, and therefore propofed it as very defirable tliat 
thofe machines Ihould be intlrely, filenced in fliort water times, and a new one erefted 
in lieu thereof upon the tail water proceeding from all the furnaces collcftively. 

Now if thefe 2 machines require 569 cube feet per minute to work them when there 
is a fall of at lead 20 feet, a fall of 6 feet, (which is the utmoft I think can be well had 
for the tail- water into the tide’s way) will require 1697 feet; whereas the’ river Carren does 
not fupply half of this water in very dry fcafons, and the engine water will not apply 
itfelf to this machine; notwithftanding^ I can afllire the Company that I can under- 
take to'furnifli a defign, wherein the water can be applied in fo fuperior a manner, in 
point of power, to what it is to the prefent machines, that the river Carren, at 660 cube 
feet per minute, upon a fall of 6 feet only, Ihall drive thofe machines as cftedtually as 
the^ are no*w driven with 509 feet upon their prefent head. 

Ktrje-Houfe, July 31, 1769. • J. Smeaton. 


RESOLUTIONS of the Carren Company. 

» 

AT a monthly meeting of the partners of Carren company, held at Carren, lodi of ^ 

Auguft, and following Days, 1 7169. 

• 

Prefent, • Mr. Johk Adams, 

Mr. Cha, Gascoyke, 

Mr.. Thomas Roebuck, 

Mr. Wm. Cadell, jun, and 
Mr. John Cadell. 


Mr. 
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Mr. Smeaton’s report of the 7th of July laft, made in confequcnce of our letter, 
dated July i, having been read to the hieedng, 

Rcfolved, That the faid report be .approved of, and that the neceflary Heps be 
taken, as foon as convenient, to make fuch trials and experiments ci£ the ufe and 
dhlrlbutlon of the water, according to the tables contained in the faid report. 

Rcfolved, That Mr. Smeaton be requefted to give the conjpany a fclieme' and 
plan of«the boring-mill mentioned in his report, as foon as it fuits his conveniency. 

Rcfolved, That the thanks of the meeting be tranfmitted to Mr. Smeaton, as .1 
mark cf the fenfe they entertain of the attention he is pleafed to pay to their works. 

Cha. Gascoyne, R, 


Some Remarks concerning the defign for a double boring mill for cylinders and guns, 
to be eredted upon the tail-water of the Carron works. 

I propofe the machine to be eredbed upon the oppofite fide of the tail krater-cs/urfe 
to that on which the blafl. furnaces Hand, and in any part of the yard tliat upon the 
whole lhall be thought moft convenient, which depending upon a great number of cir- 
cumftanccs that I carihont be acquainted with, mull be judged of by the Company j 
nor is it all material to the adlion df the machines whether they Hand as clofe to this 
watcr-courfe as they can«well be difpofed of, or be caitied further into the yard. Ac- 
cording to ^e gcnpral defign No. i, it is propofed to turn the tail watcr-courfe of thefe 
mills a quarter rounds fo as to proceed nearly in a parallel diredlion to that of the 
prefent courfe to Stenheufe mills, and to fall into the tail water- courfc at Stenboufe mills, 
at fuch point as lhall be thought moft convenient on account of digging, feparation of 
lands, &c. .but 'in cafe the tall water-courfc is made to fall into that of Stenhoufty above 
the loweft point, to which Mr. Laurie levelled, it will be neceflary to dear up fo 
much of the old water courlc as lhall prevent any material lofs of fall between that- 
loweft point and the falling in of thS new water-courfe. 

Mr.%<AURiE tnakes a fall df 8 feet 5 inches from the hum of the furnace tail lead, 
at the lower fide of the bridge next below the boring-houfc, to the loweft point to which 

he 
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he levelled, but as the furnace tail lead will be charged with fome depth of water alove 
its iottom^ befi>re the tails of any of die furnace wheels wi/i be alTc^ted diereby, we may 
account the whole fall, from furface to fuificc, to be fomewhat moie than he has ftatcd. 
In the prefent defign I have fuppofed a neat defcent at the mill of 7 feet only, fur 
this principal reafon, that I obferve the ordinary fpring, tides flow widiio about 3 feet 
of the top of Stenboufe mill-dam, and as the neap tides flow within 4 feet at the height 
of the fpring tides, 1 have therefore laid the wheels fo that they may not be interrupted 
duly by the tides. .1 propofe, therefore, that an over-fall of 50 feet length in the crown 
be ereded at or near the place where the prefent one now is, u Stenbsufe milk, to be 
laid 3 inches lower than the height of the water in the tail water-courfe at the woiks, 
when the wheels there are juft free of tail-water, by which means the whole water will 
be vented over the over-fall, without affeding the furnace wheels, when the tail-mills 
are all fhut ; the height, therefore, of the water marked in the defign for the water- 
wheel to be of I foot 3 inches above the crown of the fall, wiU be i foot 3 inches be- 
low the top of the over-fall ; and allowing 2 inches for the run of the water from the 
works to the .over-fall, this crown will be i foot 8 inches below* the higheft ftate 
of the water in the |ail water-courfe, that will not afTed the furnace wheels ; but in 
cafe all the water from the furnace can be pent over Stenhouje dam without putting them 
in tail <water, then this oi^-fall will be unnecefiTary. The reft of the fall to Mr. 
^ACRis’s loweft point of level will be i foot, or fomething better, for declivity be- 
tween the boring-milb and the faid loweft point ; but if it (hall appear upon further 
exalninatioh that the wheels can be laid lower than 1 have fuppofed, without being 
affeded by the ordinary neap tides, then I would add fo much to the fall of the mills 
marked in the faid water-wheel defign 5 feet 9 inches; keeping the crown of the fall at 
the fame height refpeding die furnace- wheels, or not exceeding*! inch or a lower, and 
for which, necefihry, I will fend a new curve for the fall, every thing elfe remaining 
the fiime. It is therefore the height of the neap tides at high water diat determines roe 
as to the folHo^be taken at the boring-mills ; and as this height wil^ not 6e diminifiied 
by any cut that may be made on the loops of the river belowyi that circumftance may 
fairly be laid out of the queftion, there being at prefent more defeent to Rett's Ford 

than can t>e taken in for the reafons aboveinentioqed, , 

• • 

e 

The power required for boring depends fo much upqn the clrcumftances of the thing 
to be bored, that it is a master that cannot be reduced to any exa£k calculation $ but this 
I am not in the leaft doubtful of, that In the very loweft ftate of the Carron water it will 
carry the gun-mill with two guns borkg and one cutting off*, which is, I apprehend, 
more than the three machines at prefent do, and dutt in kU ordinary tiihes the ctlin^i^ 
jnill requiring lefs power, may be worked at the fame time. It will, however, be ne- 

VoL. I. C c c ceflarjr 
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ceflary that the mill-gates, &;c. at the Stenbmjt mills be kept in good repair, odtemrife 
a quantity of water will be ex^nded there in leakage. 

a 

The rings of the two water-wheels Lhare deligned to be of caft iron, in order that 
they may aft as loaded flies, and thereby pieferve the motion more fleady. 

I have fuppofed all the axes to be of caft iron, with fluted heads inftead of fquares, 
to keep them from wearing oflF the corners, and are what I would rcctxnmendi but 
forged ^ron fpindles with fquare ends may be made ule of inftead thereof, if tetter ap- 
proved of, for reafons I don’t fee. I have Ihewn the fame fluted heads upon the two 
ends of the water-wheel axis that are next one another^ by means whereof, if an extra- 
ordinary occaflon ihould oSer, the power of both wheels can be combined fo as to aA 
on cither fide. 

« 

I have been in fome doubt whether fo large a wheel as is reprefcnted for boring the 
large cylinders Could be caft upon that planj if not, the fame fized wheel of 78, as is 
reprefcnted on the main axis for guns, being applied on each fide« anfwers to the mean 
motion for cylinders j »id I apprehend it may be worth while to have two motions, as 
the wheel will bore two cylinders at once, or a cylinder may be placing on one*tarriage 
and got ready while the other is boring : as the motions ftand in the plan thfey anfw(;r 
nearly to 3, 2, and i. 

If it is found convenient to have the boring-mills 'b much further from the furnaces 
that the gangways may come towards the prefent tail-wamr courfe, then the quarter 
round turn may be 'made in the new lead to be rut from the fame to the new 
mills, fo that the tail-water of the bbring-mills will go away direflly without any turn. 
1 don’t mention this as preferable to the flcuation in which they are fhewn in the plair, 
but as an hiht to f^ew the different fituation in cafe it Ihould happen to ^,cnore fuitable 
to the general convenience. 

N. B. , A beam being fupported ah^t acn>6 the three gangways fot die guns, with a 
tackle h^ging'from a running roller upon the beam, will take iip the gun from the 
gun-head carriage, and put it upon either of the boring carriages. ^ The faiae may be 

done by a crane in the middle. , 

• 

The widdi of die new tail-water courfe ihould bu a feet bottom with proper 
flc^tfbut whore waUed p'ftec will be fufficknt. 

'll . Concerning 



•Ctmcenung «h««ltentido lhep]«fi»tinyi &r tfiaSm ind gun-headi, if die fame 
modons are adapted diereto aa aw defigoed for dwnwr duUa» tlie3r will equally- aalwer. 
But it would go with ftiU left water if dw wheeb were made So much lower as to be 
oeerflioL * * 

In its prefent Hate it would go widi iw le(s water, and do its bufinefs better, if the 
modon ic now has for guii 4 ieads was adapted for qdvideni, and the cylinder motion 
(that is, of the great axis) was allied to the gun-heads j if made new it would be rig^t 
to ufe iron rings for the fidce of the wdght, whedier of its prefent flke or reduced to 
an overihot. 

JOHK Smeatok, 

A^horptt Odober 15) 1770. 


EXPLANATION of the.Dengn fon building a Dam for die Canon Works at 
' ' Duni Pace, 

'l^HIS defign is made upon a fuppofition that the bed of the river where it is m be 
built lays about 7 fectbtlow the level of the pen required. Mr. Gascoign’s letter of 
January 16, acquunts that the bed of the river Is 4 feep deeper than the top of the fill of 
the fiood gates } Tuppofing there^h: the water over that fill at dam’s height to be j feet, 
the whole height of Ac dam’s crown above the bed of Ac river will be 7 feet, as drawn 
in Ais defign, of which Ae declivity of the (lope furface of Ac dam is intended to be 5 
feet; but if jjic height of At dam's crown Aould require to be cither highei>or lower by 
I foot, it wilf Aakc no material alteration in the defign } for if it is’highcr Aan 7 feet, 
as it is prefumed that this is reckoned fiom Ae deepejf part of the bed of Ac river, Acre 
is no need to increafe Ac declivity of Ae Hope furface of Ac dam between the crown 
and Ac (kirt j but if it is lower than 7 feet, Ae (lope of the dam may be dinfmiihed fo 
much as to leave Ae Ikirt about a feet above the bed of the river. 

It isKibvious from Ae defign Aat the body of the dam is intended to be of quarry 
rubble j and as Ae greatefi part of what relates to it will be readily comptehended frQti\ 
the defign* it will be fufiicient to explain Aofo Aiogs Aat arc Icfi obvious.. | 


C c c a 


AB. 
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A B, No. 1 and s, rcfrereftt two courfe^ of flags or flwt floties from a ibet o> 3 feet 
fquare> or oblong* as they can^ got, and of 4 or 5* behes thicknefs : thde flags are 
propofed to form the grand flop or pen of the water : if the whde bed of the river at the 
place where thefc rows of flags are to be foot«l can bocome at, fo as to get them bierted 
about- 1 foot below the bed of the river, it will be fufficient without any piles for footing 
the fame upon > but if this fliotikl<pnifVt otberwifo, it wiU>^be proper to. drive a row of 
grooved flieet piling, as reprefented atC C, No. 1', fupported by a ftring piece D, and 
that fupported and trenuled down dpon the brarihg piles £> E ; thi 3 *piling to be carried 
on at leaff acrofs flich deep part where a propdlufooting for the fl^gs cannot be come at, 
and the terminations fecured with the projeding part of the flags fo as to make nearly a 
water tight joint : but v>as it iiot on account of expei^ce i^would be dill more eligi- 
ble if tills low of piling was carried quite acrofs, and imerted into the dam’s end 
walls. 

i I 

At "any rate, the firft thing to be done, is ^0 lay m fo much rubble as will fupport the 
Hoping flags, and^fill up the flownftream fide of the Iheet piling, fo as to break the fall of 
the water over them, at the height of die ground line D F 5 while this is doing, it will be 
jircper to go on with. the Iheet of plank- piling at the tail of foe dam G G, fupported in 
like manner by the ftring piece H, liial^at by foe bearing" piles H L, and thd- whole 
is covered by a 2 inch fir plank to the parts-above-mentioned from the wear oT 

the water, and which may be renewed whm worn out in a courfo of years, without dif- 
turbing any thbg upon which foe folidity of foe ftrufture depends* This Iheet of pllmk 
piling in all grounds that are not rocks, is indifpenfible but as foe ufe of them is not to 
flop the water, but to keep in foe* fand and other matw, if the expence of grooving the 
])lank piles is thought material, and foe ground is fi^ciently uniform to admit their 
being drove clofc edge to edge, without grooving, then this part qf foe bufinefs may be 
(iifpenfed with : by foe tithe foe tail Iheet piling is compleat^d, the wjiolc area betwixt 
C and G fhould be got filled withiubble, and the row of ftones markfdT, wMch are 
fuppofed to ftand edgeWays to foe reft, are to be got into their places : in this fituation 
the dam will be entirely fafo from derangeih<Cnts by floods,, which will go ov^r foe work 
without hv-rting.it. As the work advances, foe flag ftones A B are ^ be got in gradually, 
foe apron of earth upwarfo of foe flags, and foe rubble and upftream fetting as Ihewn ia 
the feftion. 

It is to be noted that the mo rows of flags are intended to break joint one upon the 
ofoer* and to be fci^ipellied fo as to lay or to pack toother tolerably true ; the joints aU 
the wa^ up are to be well luffed with fog or live m/s, and to be bedded with the fame 
between fo^tkfotbws of this will prevent the earfo from being forced through foe 

joints 
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joints bjr the {treflure of Hte smi^s said iHU render the ts|»de perfe£i;ly water tight if pro. 
pesiy attended to i the earthitfi^- beiitg»gqMdlltd bf tMnbble and fetting ahows it. 

j, . >' ,^p)i • '* 

While the dam is raifing» there isao doebtbue dw the fpeats going over it will (coop 
qfg: the ground below the tail flieeting, fo as to become 2 or 3 feet deeper than the 
natural bed of die river; when this happens the whedemuft be filled up with whin 
llonesi or* wliat is bell, large whin {bones Iplic into dtree or fi»ur pieces by powder, which 
will enable the angular fragments to ftick together better then the^Whole round ftones ; 
and if any derangement lumpens here byti|>eats, which is the likeliell^lace to liappen, it 
mull be attended to, and fupplied dll the water makes its exit from the tul Iheedngby a 
regular declining current. ^ 

I think it not only unneceflary, but imprafticable, to give direifiiions about the build* 
ing of the dam’s end walls, as I cannot determine the fituatiod of the body of the dam 
refpeding the land on each liile from any thing that is before me, and the method of 
returning the. ends of the walls into die land,- Ihewn for die dam at Ijirhety will be fuf- 
ficient guidance here ; I have only to rematk, that it will be pn^r to make tbofe 
walls, for fomc fpace on each fide of dtc ^ ^ higher than any flood is ' 
known to rife, and that die back of thele wfl|||||||d>cre the ground is dillurbed or new 
/made, hiult be well covered or even Jet widMjHny rubble, in cafe the flood water is 
liable to get behind them from the adjacent j||ii|^sj for want of this precaution, 1 have 
inlmore inllances than. one known the river to make itfelf a new courfe round the out- 
niifd end of the dam. * , 

f , 

It will alfo be proper to make the crown of the dam about 3 ipches higher at the ends 
than die middle, y^dpccially towards that end where the water is difpofed to a£l the 
ftrongell, when thsipibwn doel not make a line right acrofs*the river, which is not al-. 
ways prope^. ^ » 


I Table 
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ihcwii^ the eaqpeiiiiiWe ^ 4 wfeer» Aic. in tte: finnoeB at CSumm^ iaclofeii 
in Mr. Smxatom’s letter to CarroH Company of tlte S3d of July, 1776, in 
anf«er tO'tlujra (/the ij|ih 4 ^^ «. .. 
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DIRECTIONS and Obfi»inttk>itt conc^ing the clay-mill, to be built upon the tail- 

Cttrrw. * * 


THE water-'wheel, its conduits; and 91^, to be in all refpeds the fame as thofe of 
the boring-mill, exoept that the rings need not be of iron, obferving, that in order bo 
prelcrvc the fame h,ead of water over the crown of the fall, that die whole be laid a f^w 
inches lower, in order to allow for the run of the water from the yard of the works to 
the place of the clay-mill. 

I fuppofe the rollers them&lves to be nearly the fame as thofc^l^ ufed, and to be 
caft upon wrought iron ipindles or gudgeons : the principal difference betb pn^fcd, 
befidcs that of a very different proportion between the turns of the water-wheel and 
the rolls, is the addition of a fly to each /oil, a larger to the driving roll, and a lefs 
to the roll driven ^ thofe are intended to keep the morion more uni^rm and Heady, and 
fo as not to affi/l the geer tha£ drives them by die little inequalities in the paflage of* 
the clay. 




Thefe rolls are intended to ^ about 50 turns per minute, which, as it is confiderably 
quicker than the prefen^ it would greatly tend to make the work go perfeddy fmooth 
and pleafan% if they Widre but inches inftead of a &et length, and yet they by dieir 
greater velotAtyUrill difpatch more work. 

The 
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The work is Co placed if ftampen 9ft defired, c|||hy may be applied ibr beating 
the clay, ib is td pn^pait k fer'dte roUS} Ni if the gjimdiiig it to a fine tcwg^ pafte 
would be of ufe, Ibr this pfbrpofe nothing would equal die runnm on ctw edge, fuch as 
are ufed for oil and gunpomler nulls : tlus would perform the whole oferatioii from firft 
to laft, but would not reduce the day to the eonfiftence that the rolls do, ib ^edily as 
the rolls. A work*of this kind might afterwards, if found occafipn, be added to the 
other end of the axis, or in its prelent form it is capable of ha^ng a boring apparatus, 
or even a forge hammer applied to it if thought proper $ for thia^reafim, I would ad* 
vifc to make the building roomy, (of which 1 fuppofe the water>s^eWco ftand crofs-- 
ways in the center) m to leave room on each fide for building. 1 apprehend the wheel 
will ftand beft croTsways upon ^ prefent lead or leet, fo diat the building will range 
along-fide thereof. In this (afe, the tail-water muft be turned with a quarter round, 
the more gentle the better, but if need be, may be turned almoft io its own 
breadth. 

This water-idteel will driye two fets of rollers at once, at each end, or Other equi- 
valent works, and for one pair of rolls wiU go with ib little water, that 1 believe you will 
Harcely find the corn-null die worfe. , 

' ^ J. Smsatok. 

,• Aufihdrfe^ Feb. 2i, lyyy* 
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The REPORT of N SMBA.TOM; Ef^neef, ooneerning the qtian* 
tity, regulatioTt, and diRribution of the water for working the BUR 
Machine for the four furnaces at Carrcn in dry feafons, together with 
the improvements that may be made therein, fo far as regards tiie 
power of water to be employed. 

a 

tN or^ to anfw^the above purpofes, I ftiall not only found myfelf upon the obfcr- 
^ vations 1 uadi myfelf upon my view thereof in ORober 1776, but alfo upon fuch 
deduRions as may be made from a thorou^ revifal of all the obfervations I have for- 
merly made, or that have been communicated to me, 0^ the Rate of thefe machines, by 
the Company at different periods % and the feveral compiitanons thereon having in ge- 
neral been performed when I was from home, and thereby not havii^ the opportunity of 
recourfe to my former papers, they have been drawn up in different terms, and with 
different views of ^the fubjed and alfo obferving, in the courfe of my laft view, feme 
pardcularittes which could not be fo noticed when the meafures were frat me, which 
would materially afieft the calculation of the quantity of water expended, 1 have in th^ 
following table conefted the fame, and reduced thr whole tp the fame Randard. * 


Tabic 
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Table t combative view, of the (ereffi Blaft Jmachiaes ss uied tM; Q/rmit at 

di&rent periodtf from the year ^769 to the year 1776 ioclufive. 



DUn^tfir 

• 

Kun^iber 

C^be f«et of 

Velocity gf 

Tout of wtter 

No. 

cf nofe* 

of cy- 

air per mi- 

air per fe« 

evpeodod per 


pirt. 

lio 4 ert> 

nute« 

Cond. 

24 houn* 

1 76<;, working with fhorj water, i 

3 

*9 

* n 1 

1066 


10680 

* - » •* - • 4 


»S -3 

1820 


^^^•►»3I200 



Sum 

zSSS 

1164! 

41880 

< 

t 

Mean 

>443 

58a 


Pitto, with full blart, I 

3 

25 

1403 

47 Si 

19940 



18 

2238 

. 94 S 

34080 



Sum 

3661 

14204 

■ 1 III *111 

53320 

f 


Mean 

1830 

710 


1773, February, with full bUft, i 


20 

1122 

S 47 


V* 

*s 

18 

I£?S 

SS 7 


- - 4 


I 7 l 

'237 

747 


. - - 4 


10 

1183 

577 


1 • 

ik) 9 


Sum 

4797 

2428 


t 


Mean 

1199 

607 


1776, July, \^;ith full blall, - i 

~T 

2t 


1289 

• 77 * 

>52 fS 

* - - - 2 


H . 

1674 

818 

15506 

3 * 


>9 

>343 

691 

18210 

- , ^ - .4 

* -i 

1 1 

1302 * 

7 H 

, 25669 





’ ■ ' i 


• • 

t 


Sum 

5608 

. 407a 

74630 

V * 


Mem 

« 

1402 

768 


— ^ ^ 

J 




\ 

Ditto, cvn view m Odlojer/i<l’ith ) 
ifullWaft, * - - J 

i 

£4 

»S7* 

947 

: 1650* 


*1 

» 4 i 

1708 

«35 

>lk >47 

- , f » 


*9 1 

> 44 ? 

, 691 

. > 473 * 

• *' ^ . -.id. 

ai • 

» 

i«J 

> 4 S 9 

r . . H 

881 

17769 

i V J • ' * * 1 k 

• 

f * 


69811 

» 

■ » 3 M 4 > 

A. 6^»SO'fc 

♦ tv 

* « 

M^an 

f 

7, 

• , ^ * . / * • 

- 1 

15*0 , 

« 4 ? 

J - / 

*. Vot. I. 


Odd 
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From the above ubk it whj evidently a|}pear> that the machinesi when worked with a 
fell blafl^. have taken left and\efl water, ever iince jdie firft view in 1759. ap> 

pears, that the quantity and velocity of the air does not observe any regular proportion 
to the quantity of water expended: bu&it appears in genera! that tlte leia quantity of 
air is difeharged fioin any given machine, and the kfs its velocity, and the lei& water it 
will take to work it ; tliis alfo is obvious from what occurs every day, that more water . 
produces more blaft in the lami; machine, and theooncrary^ 

A in February, T773 , 1 received fironrthe Company, with tiiii 06- 

fervadon : ** From our prefent experience of the matter, the number of ftredtes per 
** minute, quoted in the annexed table, throws the air into each furnace with a degree 
of velocity fuiScient to keep tlie hearths open, and^bo work each machine with due 
** ftcadinefs and regularity.” Now from hence it appears, in particular, (fee the pre- 
ced'ng table, 1775,) titat the quantity of air difcRarged, as well as the velocity where- 
with it Was projeded, was remarkably near the faine in all the four machines, the mean 
quantity being 1 1*99 cube feet per minute, and the mean velocity 607 feet per fecond, on 
fuppofrtion (as in all the reft) of its being difeharged with an equakvelocity ; and as, at 
this feafon of the year, I can apprehend no fcarcity of water, I muft fuppofe the fiir** 
nace then working with full blaft and effed : and, as I ath furthermore told/ in the 
Company.’s letter of the 2d of March, that ** for fome yters paflf we have fallen inu> 

** the method of making the iron at the blaft furnaces into pigs proper for remelting 
“ in the reverberatory furnace, for the purpofe of working up, our gun-heads andjrun- 
“ ners, which pradice requires left velocity of blaft than when we caft the guns iq|me- 
** diately ffom the blaft furnaces', and' alfo admits of more regul&rilyht the whole, pro- 
“ cefes fo that jgerh^s we can now manage with lefs water Aan it was thought we could 
« have done in 1769 or I773r'* 1, ^^ 7 * thiags cooftdered, we may ground our- 
felvea here, that if laoo^be feet of aii is thrown into each furnace per minute, and 
with a velocity of £om 5 to 600 feet per fecond, we fhall oartably haye .fcfticient blaft 
to keep all regulkrly going in times of 'ftarcity of water. I am dierein alfo informed, 
that mai^y e)q>crimenjts halting been made in confequence of my repart of 1 7^9, ** from 
** all sidikh we can clearly colled, that a nofe-pipe for our ptnppfe ftsouM not.* bo lefs 
*' than i^lncheaknor more ftfan a^iinches.** thenrthac the nofe-pipe to fie fer- 

ded atamem between themt ^ k is not to be doubted buaa little left water upon . 
dsq idled vdian the hirnace is new, and.a little mere when ’ft » worn wider, witf equally 
the end as a yarintipn of che^tofe-pipe, as faaa bedi remarked'by the workmen 
as nraifffitfyT laoe cube air per.'tninute driven thewgb dds nofe-pipe will pror 
diice afvd^cjr of> 532 feec^ptnr fece^s and that this wU It fully fufficient so keqE) alU 
rqgoiaily pet&ps not producing the greateft ^andty cf metal, k evi- 

deoL 
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d^nc ^ns the fteto Ckf the furnace No. 1 10*1769 and Tlt^ note* pipe being now 

pmpoied the iame in al!» yiz laoo cube &ee of ^ «$11 be diichargeci per minute 
when the diffinwnt machines go tcijpe^velf *as IbUowa: 


No. T, a cylinders. 

0. s 7 *T w 

No. *3, 

No. 3, io., 5 ^ 


But as fractions may be inconvenient to die wodcmen, 1 will iiippoie that in ihort water 
times the feveral machines ai;e frgulated to the number of cylinders, as in the following 
table i and then the quantity of water that may be expefted to be expended, prapor* 
tionable to what I found in Oftober, 1776, is contaioedin the four laft enhipfiw of the 
following table : 


A Table fhewing the expence of water according to the regulation propofed for Ihorc 
water feafons, and accoidtng to different ftates of improvement of the machines. 



• 
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t 

No. 

» 

A, 

C)lindert 

per 

nute« • 

Cube feec of 
air per mi- 

fMito, 

vkMtr 
•ir fu 6- 
cond. 

Tone of wAibrmc^ 
peodel per dfpr m 
per 0£k, i77$4 

Bxpeoce of water 
Ko» ^ and 4 Im- 
provod. 

^ Eapeoccof waterof 
all imprived id a 
1.3 feeciaiU 

Eapence of waler 
of alt impiovod to 
a« 4 fKtMa 

r 

lA 

**34 

S 47 

12966 

1S966 

i»}i> 

11800 

3 

It 

« 5 S 

sffi 

» **789 

1*739 

19251 

9**4 

3 

17 

X202 

513 

14076 

IS 240 

•12240 

117J0 

4 

J 1 

• 

l|OX 

577 

1585* 

• M 3 >a 

12,>1Z 

>ij8oo 



« 

• 

• 

• 

34^83 

49307 

• 47115 

45*54 
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1 

3 

4 

i 

6 

•• ■ 
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By the firft table it appears, that theblaft'machtnes, as they weto working in Oiftober, 
T776, were coiifunling at the race 66,cibo tons per 24 hours ; but by.thddii^i^rion 
-and didxibution ’according to this Ml table, without any eorreftion or alt^adon of the 
machines themfelves, du^ quanci^ would be reduced to about 54.700 tonst;;iitd as it 
appears that the principal dtdefts of No. 3 and 4 arife -from their not taking water 
fo high upon their xefpcAine wheels as No. a does, in cafe thefe two sitre aketed fo as 
that the WJP of their vpj# ^tes iHould be 23 foet above die bottom of thdr mfpieiaive / 
then ^ ^or fusees may be expefted to work with die qxiantity etdwited'/'" 
the 6 A column, viz. about 

D d d 9 


I 




tnd Ko. A wheel iriade lir^err (b' 
m all to take ike w«ter At fttne height^ aj fefit above dieir botttMDiy then they: 
may be expeded to work according to eoldnin 7^ diaris, 47) 100 to&a per day > and if 
they were all made taoke the ^tcr 24 feet above their bottoms, llicn they would work 
as per column 8„ that is, with 4j).2CfO^ tons per day. 


As No. 3 is propofed to have*an high gate* and the wheel of No. 4 to be rebuilt, and 
as I fupppfe both vjjlf be done this fummcr during the fcafon of fcarcity, it appears that 
no other pri!f< 15 ! 6 h will be wanted for the approaching feafon than per column 6, tliat io, 
49»300 toil* day, becaufe, if one of the furnaces is laid off in order to be reformed,, 
there will be a foil fofflciency of water for the other thrtse 5, for it is afeertained that the 
river QirfM in its loWeft ftate affords 660 cube feet per minute, amounting to 16^00 tons- 
per day, fo that*fopply of 22,900 tons per day is the utmoft that can be wanted to 
keep all going; and this quantity can be raifed by the fire-engine in its prefent ftate at 
die average rate qf 6^ ftrokes per minute, which as ihe may very well perform, it feems. 
advifcable not to embarrafs the progrels of the other bufincfs by rebuilding of the engine 
this feafon, but to give her a good overhaul to render Jier performance fccure *. 

’ . 

It will now be proper to enquire what |rto be expefted from the home refervofrs, made 
and making, towards fopplying the 2!l^^oo tons per day, above ftated as the de- 
ficiency of Canon in dry feafons ; and I fuppofe the dam-head of Larhett U to be« ad- 
vanced one foot higher, and all the banks railed in proportion, fo as to pen the watlr in 
the furnace pool and bog reforvoir to 27 feet above the bottom of the fornace-wheels ; 
thefc refervoirs are ftafcd altogether at 36 Scots ^cs ; and as each Scots acre upon 1 
foot in depth contains 1521 tonS) the 3 5 acres will contain 54,756 toA$r and upon 3 feet 
depth (fuppofing the fame^fiirface at A medium) will be contained 164*268 tons, wliich, 
divided by 22,900, gives 7 days. • • ^ 

Now when 3 feet is c^awn off from 27 feet, there will remain 24 feet* which will reduce 
the heAd upon the gates at 43 feet to 1 footi and as this is as low an head as the water 
can propeHy upon the wh^s, k wifi then be time to open die lower gates :to<draw off 
the remawdbr. As the water will ^ere a£l toa coalickrable dtfedvancage, it will be in- 
eligible to ide the engine, but when the furnace-wheeb take thek* watev from dicir upper 
gates i whatever, therefore,' k drawn out of the fomace-poof belmv the 24 feet, muff be 
f c ^ ace d . agMo befiye the eng^iw>wini» can produce the ^opa effed upon die wheel ; 

'' , . ' < > ' ' ' ' 'v ’ ' ■!}' , . ^ . w. , , 

• if 4 * .vmy, . tlw greateft defeft. of tbe jprefett engine i» die not laving a fuificiency of fteain ; and for 
Ait realbS, rditedyaNMdd be to caftand fet up a new 10 feet 'boiler jn the rninnSr flif Abli' at 

. Cranifaidt, width may be placed fo as to (erve the new ^hie when eieAedwkltout a removal. 


and 



I 3% I 

??id w tijii nvill create » paufc «r ftop. of kiwai/«fefe^^ propevi^ it he 

as ihort as poffible; for diis rcaioVi it would be proper co have % ftopfluidsiupoii 
the lead in the narrow part caft of Mr, Lowe's honfe, to fliut dkwra when the furfece is 
aedsiced to a4.'feet, fo that the Carttn may.conftantly p^ iia ti^te by cafcading over 
she faid ftop, and then the ivrnace pcwl only, properly ipeaking, with the bog relervoir,. 
will be emptied together below die 24. feet. Now foppofe that from hence 2 feet more is 
drawn, wliich will nearly empty die bog referroir, if the wheels take this water at 2 1 
feet above the bottom, then tliey will expend by thefe lower gates, 'tqj^prodnee the fame 
efTea: as before, at die rate of 55,200 tons per day, from; which deduau^'-^^TO, the 
fupply of Cflrrw, .there will want 28,800 from the refervoirs. I muft here obferve, 
that the quantity that we can in rlality draw off, will beor^ from the bog refervoir, for 
what is drawn from the furnace-p<H>l„ will be again fopplied from fome recourcc ifoove 
the 24 feet, iti order to fill it to the level of 24 feet in cotnmon With the lead and Lar- 
bett dam, bccaufe wliat is referved in the dam of Dum Pace, or eifewherc, in order to 
fill it, might, if not fo wanted, have been difeharged at the upper g^es *. Two feet 
then upon 24 acres is 73^00 tons, which divided by 28,800 gives 2 iVf days, and this, 
with 7 from the firft 3 feet over all, makes in the whole days water, a treafury 
very elfcntial to prevent fres^aent ftoppaglss, and thofe of Ihort duration, but no ways 
adequate*to the purpofc of going throi^h a l^droiight, which generally happens once 
in a fummer. ' 

» • 

^e will now fee how’the account will ftand, on fuppofition that die high gates are all 
fixea at 24 feet above the bottom of the furnace -wheels, inftead of 23 feet before fijppofcd, 
all the reft remaining as before ftated. Now as only 2 feet can be drawn off from the 
whole 36 acres, they will “contain 109,512 tons.; .and on fiippofirion that die- cffeA ia 
greater from a fal||rf 24 feet dian upon a fall of 23 feet, in the proportion 24 to 23, thea 
the quanti^pf water befoife fpecified to be wanted at the hi^ gales, viz. •49.300 tbos> 
will be Itfs by part, viz. 47,200, from which taking 26,400| die fupply of Cah-oft^ 
there will remain 20,800 to be fupplied from the refervoirs j and then 109,51a tons, 
die content of the uppermoft 2 feet, divided ^by 20,800, gt¥cs days. A^ih, we 
, 1^11 now iiaye 24 ad-cs upon 3 feet dee^ diat is* 'I09i;54;i tons in die cofttnfe, and the 
lower gates befog fuppofed fixed <at> 21 f«%t as before, we IbaH have the fame divifor, 
viz. 28,800, which gives us 3 dbys,' fold which added to the former make 9 daysj 

iMmee it appears, that this latter propofdon of 24 febt he^ht of top jgbtes does make 
fo aoochi^ the refervoirs as offtHsx, foomer 23 feet hdght; but this'rq^rds only die 

' ■ ■ , ' ' ' . ' ’■ , 

* The commanicatioit^op betwe^ th« telimrtw ani fmSiace pori befon liichfillias mift A«t in, fo 
Aat wlien the furnace pool is fiUed> the bog re&rvoir may remain empty. * f 
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kpm MMervt^ «U V&ter trealWifi vp above the level of thefe refervoka w!B 

Uoubtlo^ have ao eSeft ia pro[A>rtipn to the 6iU fi'om the gate. 

I 

^ % I ’ 

This enquiry, however, leadU us onpe ma-e to fee how very inefficacious rdervwif# 
are likely to he when iq^lied to a long-continued droughts and there is nothing lo lik^ 
«o prove a Iheet-aochor as a plain, fimple, wcll<onihufled, powerful fire-engine, wluch 
when it does nothing wiU confuTne nothing, and being ^lain and ftrong, will be always in 
condition^ to wotk jpheia needed, and the ieveral pasts to be eafily inipe^hed, fo as to fee 
whethff'meShB^ er are not in lifting order. - ^ 


From the above compariio^of fi^ng the height of she hlghefl; gates at 23 or 14 feet, 
(they are fo nearly alike that the difference may well give way to convenience ; and in this 
refpe^, unlefs that fteps have already been taken m the wodca of Carran to the contrary, 
it WOUI4 ieem tome that the convenience would be in favour of the 23 feet; for, in the 
foft place, it ts usdifferent to the engine, becaufe fbe wUl*draw at 23 feet fo much water 
more than at 24 as the wheels will want to ufe. adly. Having been informed that the 
working of the forges is become fo material an ob]e£l, that it will be even worth while to 
affift them with engine>water, it will follow that it will be, worth while to affifl them 
with what will be equivalent to it. . 


Now on a former woodion I have laid it down, that a properly conftrudied engine a 
•jc inch cylinder will, at a6 feet high, raife 56,000 tons per day; and fuppofing allhhc 
four furnaces reformed and regulated, foas to ufe according to column 7 of the laft taole, 
viz. 47,100 tons per day, Carron fumifhing 26,400, there will be only wanted 20,700 
tons of eqgioe-water to them, the renjainder 35,300 tons to be thrawft into the forge - 
pool : new if the upper gi^es are fixed at 23 feet, tliey et once t^ko^ as much water 
from the refeproirs aSijyiU 'keep the furnaces going above feven days, wherc^ the whole 
of the remainder will only keep them going about iji days more ; and if engine-water 
is <to be riufed for die forges, why not let ofiT the 2 feet remaining in the bog refer- 
voir mto the furnace pools, and begin to work the engine 2^ days fooner ; for this will 
ferve inftold of fo much engm water to the forges, and theh all* perplexities will be 
avoided with refpeft to the ufe of dificrent gates, m well as aU attentions nerefiaiy to 
keep a qiuindty ofwiqaer to refill the farnace-pool up to alevd to woric die uppdr gates, 
afld alfo the neceffityofafeqivpon^ lead avended, as well as every attention todie4ife 
of it, fo that the whole will be reduced to this fimple point, that whenever the upper 
refervoi^ are exhaufted, and d^ loSrer ones reduced to 24 feet above the bottom of the 
wheels, khen the ci^ne b^ns to work, and cendnues till the water mends. 


One 
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One tibing hove^er moft be very carefully attended ty during Ae ivorking of thr 
engine, and riitt U, at k didy cire^aiet th^Vater, irithoat increafiog ia feat iftenrity, 
that eareikiufl; be taken when tbe engine b working not*to allow ibe bctkigNic^ more 
water than ia orniing down into* the furnace potd from Caron i and at fihe fame time, 
during the working of tlie enginCr that all tbe water drawtt by tbe engine, abd delivered 
into the poola, be regula% difeliarged by rite furnace and forge w]ieela> togObtr with 
tbe/upfj of Cornm for if kfi islet down riian the engine drawn, k will not only deprive 
the boring-milk of,Carrvif*s fopfdy, ( which in tht^ ealca w Ae tnfek nlgr cm h idtowal:) 
but Stenhouje dam being reduced, the engine will wanr water to diew} ag^ig;,if more 
water is le: down than is drawn by the engine, and Cknren's iapplythgedier, then the 
furplus quantity, after Stenbetfis dam is foil, will cither run over the dam, or be Ipenc at 
the boring-mills ; but either way the water will be loll: to the l^mace-poals,. which will 
thereby b: redbeed without a polfibility of ralfihg diem^ otherwiie then byftbppiog the- 
boring-mills, and letting down no more water, than what the engine will draw, and then*- 
die pools will rife by the continual influx cf Canon. Thefo matten, fo very necefliuy to 
be regulated, jivill, I apprehend, be done by (Iri Aly obferving the 'following roles, a 
proper perfon being appointed to fee to thtobfervanceOf them: 

When the furnacc'.pooh* are reduced to 24 feet, lee rik boring'inflls Vr flbpped, 
.widier altogether, or at nights, but fo long, and at foch intervals, as to fuflRrr no water 
to go over Sttnbotfe dam, drawing at the fame time as much water at dw fornaces andt 
forges as’will fopply the engine; by this treatment, the furnace-pools wiU gradually 
rbj: to 3 5 feet by the continual infiux of Conan, which m.thla cafe they aiot 

exceed. , 

<> 

When yqu find tcexoeedii^ that hei^, allow a littTe more water to die forges,- andk 
bdbre it begins to rw over Sttnboufe dam, kt die boring-m^ draw ib much as to ke^> 
it under, J^ut n6t materiaSiiy reduce it ; by this means the boriaig-nulis ean never have 
more than Canon affords, nor the engine lefo than its proper quantuy, nor vet the ibign^* 
more than the forplufage *. 

a „ 

The onlypnefMf difficulty is.^/SMfo^dam beii^leak]s and dkiebyr leHing a.oonff- 
’ derable part of Carrm'o fopply. efoapie, diac foould work the boring mills ;* but Jiaviog a 
lighter or puac upon die k fow. eardi is fcattered over the whole forfoce of the 
Hope, for 30.QC 40 yards* above due dam, or fo.far up till youLOoim atriie naMiral bot* 

• > ( 

*■ Perhaps the faeft hnlhanliy of all, ofdw re^w<a^ttr, kAeadofUuowwg.dwloweftaiwtofthehog 
water imwedlateljr into the lumace-pooiti will be to let it oqt gradualfy there into in Inch faantiqr, ^ bsiag «k* 
eendeiat the fotgw, it wiQ, te|etber with Cerras’t bUy woik the bonagwuUa. > 

( tnm,^ 
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|p|^ aad hai^ birred ^ puddled witln cow-fAkpsw by 9^^# Idfid of 

or men f(^r a coiqUle of dayni , i doute not , ai .fnayjte n^ndered fuf- 

cxigetjcwfs of the prefent year j but if you think nott if you will 
be preparing a quantity of ftone and pilingj fuch as was direSjed to bci ufed at Duttipacf, 
1 will fettle jbe particular plan for it immediately at my ^return <from the Derwe»tw0tifr 
J^ring receipt whijtb ^ apprehend will be about the middle pf May. > , < 

c - . . ■ ' • • , ■ » ■ ■ ■ ' ■ ■ ' 

The moft preQ^g tihing for AXyear’s fcryiceis to make,. the ^dterations at No. 3, and 

new wheel conformable to the above, ajfeiit high, for N^o.4; butifnnade 24 feet, as 
formerly pr^lpt^d, then all the. upper gates mull be made: conformable,; and it will be 
advifcable to have low jgates about 3 feet below the other. » 

* . 

“When No. 3 jftands ftijl, it will be worth while to get out and rebore the cylinder 
that is taper, as a confidcrablc lofs of power appears to be there j and when No. a is 
popped, it will he proper to reftore the original conveyance pipes, as not only the 
ftraightn^fs of the pipes of 7 inches, fince fupplied, but the driving tl^e air through a 
box, when it is unconBned, to a particular diredlion, is, as I liave experienced, a con- 
fiderable lofs of power. The beft thing that can be done with No. 2 wheel, will be 
to clear it of the prefent buckets and fhrouds, ft) mortice tlic»rings for \6 ftuds ip each, 
nnd upon tiiofc apply new rings, which, on account of being fupported in >6 points 
inftcad of 89 need npf be above half the fcantling of tlte others ; then cloathing thefe 
new rings with ney Iferotwis and buckets, it may be made the fame fize as No. 4, the 
^axis ajpd,;crank beii^.iarifed on chocks, and the c ■•nU rods Ihdrtcned, leaving all^c 
reft, infidethe houfc, (landing as at prefent. The .vnter penftock muftallb be railed, 
but if made 24 feet high, (hould have a lower gate lil^e the /eft, and then it muft be 
, bucketed jrfic-^ontrary way,'and have a penftock of a difi’cic it kind ^to throw the water 
hack, jn which however j^r •h .inches of pcrpcndicular*wili be ipftj ’fo dist-to draw 
3down.itlie poflj to 24 fipt, htaving i foot head upon tlie penftock, (the wheels 

go the rprerjfe waf ) cannot be more than 23^ feet high. • - 


In regulating the nofe-pipes, I would athdfe their being brought to a clear regular 
fuxfoce uifidfe, to ’fome cUftance; back from their Tcry nofej arid i’f^dwrfe ^'that’^ are* too^ 
Jinall are boihd to thte gage of inches, fo as to %ave the no(e^part ^at)>®ndtf, I have 
^perienoeddt'ln wacet/So throw out a m^e clean and iefs IcatM^d’ ccQurtfti/ An ieten- 
•tiOlli lioahis, and alfo ix) keep the tuires as narrow dl porlftble, foas juft tofcoeirbtKcko- 


lumn and no more, 1 anh .cbnvineedofitH’ will be found feij beneficial in regar^ 
favih^ 0 ^ power, "Or riither to ^akie^the very .moft of the power 
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Tbe bdl wsqr of ke^iag the machines to th^^mimber of cf Hndcf^ ipecified 

in tiK latter ^ble, will 1^ to furni|b each .furaaoe-keep^ with a tniniite glafs, fuch as 
are ufcd by the ihipping for the log } they ipuft> however, be ordered on purpofc to be 
an exaff minute^ becaule thofe made for fea are generally Ibme feconds {hort> for rcafons 
given by nuB’iners. 1 have now a couple by me, which I got made in Wapfin^f for 
experiments, in a better manner than common, inftead of fand, being tumiihcd with 
granulated lead, and are very exadt : but after all, unlefs the leathering of the piftons 
could always be kept equally tight, an equal number of cylinder^ will hot always give 
an equal quantity of blaft i but if when the leathers are in their bed ftafe, the •furnaces 
were fumifbed with a gage, confifting of a glafs tube, fixed widi 
cement to a bored brafs {topple, as per margin, widi a little quick- 
filver, this*applied to a hole in any part of the air-dieft, or ge- 
neral conveyance pipe, by obferving the height that the quick- 
filver rifes in one leg above the other, as much water applied to 
the wheel as will raife the gage to the difference experienced* 
when all was tight, will not only in all ftates of the leathers reduce 
, the machine to the fame degree of blaft, but difeover when the 
leathers are defeftive, bccaufc then it will require more cylinders to 
ke'eff^'he fame difiercncc of gage. Thefe gages need only to be 
applied dccafionally, when any deficiency is apprehended, and i or 2 may ferve the 4 
furnaces. If the top of the tube, which is properly to be open, has a bit of porous 
carie by wiy of peg, it^will hot <; picvent die v^uickfilver fcattering out, but prevent 
its yibrating fo much by th( lacKiua ;r , of the biaft. 



AufiborpCi April 6, tyy". 


J. Smeaton. 


P. S. I don’t. find'I have g'ven an anfwer to that letter whicii tranfinifted to me a 
fketch fofth’coew furnace No. 5 for my approbation, being upon*: the confirudtion of 
No. 2, only the weter-wheel placed between the four cylinders,* that is, a pair on each 
fide, to which, if you find it more convcnl-mt in point of fituation, I fee no Ol^edlion, 
or, if otherwife, no preference. It would be better with refpdSl to thc.qeecfiafy ipeed 
of the wa^r-'wheel, if the cylinders were not quite fo large as>No. 2, yiz. %bOMt4 feat 
3 inches t,,but as Ikpprehend you have already a fet of modeht fi?r|he bottopi .ajs^d iur- 
cheftsfcady made, by whicTi No. a, ware . ;.ii, it wll anfwer neaurljt the &me eod if you 
fomewhat Ihortcn the ftroh;?, that, is, not to exceed 4 feet. The wbe<^J|ouM be over- 
(hot; the .^e;hci^ Nfl* 4 « to be mad^ and .No. 4 .«> be *a^ » hpt by all 
let tl^ ^-cheft be continued to join crofs the feparation of die two .fets*of ma- 
Vot.I. ‘ ’ “ Eee , ’ J chineiy. 
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itfhhMrj’, itid ffc« otit from thfe ia tlie ’ittBft ^fedfb liitiMier to the 

fuire, and to taper ^^ertgintlUjf spre^fed N^Oi 4 , fi^rh >dte i^i^<^^«rf^: to the 

'<k>fe-pipe. , 

. I 

• 

In confiderihg further tipbn the propofitlon contained in the hdte annemd to page 8> 
it appears (till more advantageous, if you were to hxcp part of die water in Dunipace 
refbvoir 'toapi^y in the fame manner ; for by this means the boang- mills peed never 
be Ihort of water, qor 'yet any refervoir water mifapplied oh fuppolition of the forges 
being Rippiied with crtgtnc-water, or what is equivalent, and by refiarving thus a fuffi- 
cient part of the refervoir waier, it will even aafwer to die leakage of Stenbouje dam> 
fuppofe you cannot get it tight in the way 1 have mmtictned. 

April 10, 1777. J. Smeaton. 

t 

DESCRIPTION of the Apparatus for putting; in motioni and difehargbg anjj of the 
particular motions for boring the Gafeonades at Carrmt. . . 

Fig. 1. The dotted fqxarc a bal reprefents the Iquarc end of the axis qf the water 
wheel, or any of the fide motions driven by toothed wheels therefrom as uiual, and irhe- 
ther this is a plain fquare or citadel head, is here immaterial. To this fquare end is 
firmly attached an arm A B, which fpreading both ways C D, and appl)nng itfclfto the 
angle of the fquare, this, by means of a fimilar piece £ F G, and<a couple of bolts, the 
arm is brought on perfeflly firm and folid, and will therefore continually revolve with 
the axis. At A is a mortoile dirough the arm 3 inches broai^, and a^ut wide, 
capable of admitdhg apiece of iron fiiced wkh fteel, and hardened, fiiap^'Ibmewhat 
like a blunt plane iron, but | inch thtekneis, fo Os to fill up exaftly half dK mortoife, 
and cOnfequcntly its working or fted face* will be in the direftion of rise radius •, the 
'Other 1 ud#of die mortoife is peaipied by iron wedges for fixing la; wpon this arm may 
be fuppofed to be' imbo£fed, but in reality cad; almig with it in the fame ]^ce a prt^ 
Je&ing partB ffgb before die plane C Di and alfo before *E F ( 5 , being attaeli^ to 
the former, but detached from the letter, .which*prqjeAlng p 4 eee teradnates forward in 
dtef Hftg i k Im, whkSh fortm a fecketTi, aMb cocentrka! with the axis, and firmly con- 
^hhc%^lly utodefftbed, thef-rtft wffl be «a% «otnpi?die^^ 
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Fig. ». The fqatte ah cd repreftnts the Icjuare of a detdched axis ; the dotted circle. 
e /rcprefcnts the.fiao of a gudgeon* which is adapted tj* the ((Kket H in the former 
figure: C D are two projeAing arms^ that, with the axis and gudgeon, form a +, as 
will be readily underftood from fig. 3, which reprefents a part of the plan of the de- 
tached axis, and wherein the fame letters refer to the fame parts as fig. 2. The center 
of the crofs C D is pierced lengthways, with a fmooth hole capable of receiving an inch 
and ^ bolt, upon which, as a center is hung in fig. a, the arm E F G H I K L, which 
in like manner contuns a mortoife at F of equ^ fize and difianco from the center, as 
the former one at A, propofed to hold in like manner a fteeled iron tooth or kamft), like 
the former each made to projeft about an inch from their rcfpe« 3 :ive arms, and the 
fteeled faces being contrary ways, they will meet one another with their flat faces ; and 
it being fuppofed that the gudgeon f/ being introduced into the focket H, fig. 1, that 
when the two kamrhs are engaged, the detached axis will be made to turn along with 
the original one whofe fquare \% abc but not otherwife ; this Will now be made more 
plain by 


Fig. 4, wherein M is a part of the fquare of the original axis, N the road, O the 
fquare head feen upon the ‘wgle, as at fig. i, H the gudgeon of the detached 

axis, 1 ? the bolt hole dirough the arm fig. 2 and +, Qjthe main body qf the detached 
axis, R the road (not to confine it while turning the gun, but to fupport it when the 
guq is taken away), and S t^ve fquare focket, that receives the fquare at the breach of 
the/ gun, by which it is turned round j the two aims in this figure being marked with 
the refpeftive letters, as the correfpondent ones fig. 1 and 2, will receive a fufficient 
explanation, efpecially when it is obferved further that T is a ftud call upon that arm, 
which is adted upon by V, a ftrong fpnng fufficient to give the* arm E F G a conftant 
tendency to’ go towards the arm A B, and « <? in dotted lines is a ftaple to flop the 
ftud and fpring from fifing too far, and from carrying the arm beyond its due pofition. 

Now f q reprefents the kamm of the arm F G, and r j reprefonting the kamm of the 
arm A B, which overlaying one another, the^arm F G will necelTarily be compelled to 


go round with the arm A B fo long as they remain in this pofition j but to disengage it, 
the outlaying part of the arm E F meeting in a ewtain ^lart of its rcvolqfion with an 
inclined plane ('bf'Wood feeed with a plate of iron) that can at pleafure be inferpofed, 
this plane or wedge by afttng upon the outlaycr fo as to feparatc the two arms, the 


kamms will be releafed from each other, and the outlaycr, reding upon a prqjedting part 
of the wedge, will rema|n at reft, the other wm continuing its revolutions. The gun 
is dien to be rem^v^ as at prefent, and vr^en another is adapted to the fqu|re at S, 
there is nothing to do but to draw away the inclined plane or wedge/ the fpring throws 
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• 

out the arm F G fb as to foKn a right angle with the axts, and the next time the kamm 
rs meets the kamm^; it will quietly hy hold of if, and take it along with it, and fo 
continue till difcharged as before. , 

• 

N. S. It is neccfliiry tliat the edges of the kamms at tlic leaving each other Ihould be 
parallel ; for this reafon they muft not be fquarc, but inclined according to the line r t-, 
nor muft the edges be quite lharp, but a little rounded and as the continual chafing 
of the guns may wear the focket S fatter than might be convenient, this focket may be 
caft with citadel head large enough to Inclofe a piece with a common fquare within it. 
If the ftrength of the fpring is not found fufficient to keep the arms together when in 
full ftrain, it is only making the kamms a little p/oud at the leaving edges, fo that 
being a little matter out of parallel with the axis, they may be made fo as to draw them- 
fclvcs together. 


EXPL.ANATION of the Apparatus for. holding and pufhing forward the boring bars 

for the carronades without a carriage. ‘ 

* . 

t 

AB C D is the fedlion of a fquare focket of caft iron, ];5 inches Iquare and 2 feet 

long, which is to be firmly bolted down upon a proper blocking of wood. 

' . 

£ F is a fquarc of iron the fame fize, and a feet 2 inches, long, which muft be 
fitted to the former with fome degree of curiofity, foas to Aide eafily, and with as little 
lhake as may be ; this folid piece is to have a tapering fquare hole at each ‘end, proper 
to receive as a focket the. fquare of the boring-bar. This .would in_ reality only be 
needed at ontf tnd for fixing the bar G G; but as it may be fubjeft to wpaf,'‘the lafting 
will be doubled by having a fimilar focket at each end. 

At the oppofite end of the folid piece, the piece H is inhidibr receiving the point of 
the ftirew f K, by which the iolid piece and bar are to be force(i, forwards. LMN< 
is a lever of* wood,' footed at bottom in two ftrong ftaples O P, onaoo each fide.} the 
lever L firml3i^1)ie4ted and fupported by the fblid blodting. • 

QJs .a Jbrids or a wrought iron box f^ the &rew, hudg-iipQft troonions as y, lb, as to 
give libartf to ibe threads to fit and t^race the forew, notwkh- 

ftah<hng'tho 
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if , 

N R is a bar of iron, by which the top of the main lever is connefted with a fccon- 
dary one, whofe. center of motion » fuppofed to be at §, and which going upwards be- 
yond the limits of the paper, is reprefented to a fmaller fcale j r /, where there is at- 
tached a Angle block with an 8 or 9 inch light Iheave, and a rope of about 2 inches 
circumference being reeved, as fhewn and pafllng over die fixed pulley v, the weight 
W will force the point of the ferew againft the piece H with any degree of force re- 
quired j and as I don’t expeft the great lever to w'ork kindly, v/hen more than i inch 
out of perpendicular at the height of the ferew, this will give it leave to aft by the 
weight through a fpace of about 2 inches, when the perfbn attending fetting forwards 
the ferew by means of the fixed bar T X, brings up the lever and weight into its 01 i- 
ginal pofition, and fo on, till t^e bore is cairied on to its proper length. The appa- 
ratus, in the proportion here defigned, will admit of a chafe of near 30 inches length, 
which, I apprehend, will be fully fufficient for your 24 pounders. 

J 

N.B. I am 'told, that a bit, whofe cutting edges are brought to a proud edge by being 
filed to an hollow, as is fhewn at ;cy, is marvelloufly good for boring holes in tail 
iron j but in this eife the two edges cannot be brought into one, but the obtufe angled 
edge, formed by the thic1j:nefs of the. metal of the bit, joins the two cutting edges 
crofsways, and forces itfelf forwards by being near the center, but requires a confi- 
derable preflure. ! am told that 800 lb. wei^t will be required to bore an inch holcj 
and though thefc hollow edited bits are not fo well adapted to continuance of grinding as 
plain ones, yet make full amends by their much jefs frequently wanting fharpening. 
How far this kind of bit may be adapted to gun boring, I leave to your trial. 

Aujiborpei January 9, 1779^ ^ * J. Smeaton. 


t 


explanation of the Sketch, Ihewing the manner of applying the inclined plane 
. for releafing dte wwk of dte difehar^ng apparatus for die carrona^es. 

' Fig. £ Ibews the fame.iace of die work as- is fhewn in fig. 3 of the defign for the 
difehar^ng apparatus fent before, arifferciaEF G is the difeharging arm, and V W is 
an upright piece of >wood cs^idhe of fliduig up and down, but in no odto- direftion, and 
the. fame letters denote the fanoe thing in the fide view thereof, Ag. 1. to which is at- 
tached or made out of die fame fblhl XTZ, the inclined plane oc wedge. In the ^ 

\ prefent 1 
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pitfent portion of it, it is m' a pofture for a£tuig upon the difcbarging arm, and is 
kept up by means of the catcH m n dropping into a, notch -under the piece of iron at 
O, when the arm £ comes into ^e polition t ; it then begins to touch Upon the inclined 
face X Y, and going forwards, by degrees gets difcharged before it comes to the pofi> 
tion ft which fhews it difcharged and refting upon the pin y, where it remains dll the 
gun is ihifted, and the rotation is wanted to be commenced ; then the catch mn is 
drawn back by a cord, w hich lefs the piece V W drop,, till the line X e goes down to 
the line q r, viz. abou( i6-^ inches, which entirely clears the difcharging arm, and then 
its own fprtng brings it into its working pofition, where the next time the revolving 
arm meets it, takes it along with it, and the motion will be continued till the piece 
V W is drawn up again by a cord, lever, or other ejquivalent contrivance, till it is 
fupported by the catch when at the hrll meeting it will be difcharged as 
before. 

, J. Smeaton. 

Aufiberpet January 9, 1779. 

1 


EXPLANATION of the Defign for turning Shot Moulds. 

THE femi-circle ABC, fig. ift, is fuppofed to be die korisjontal feflion of an half 
mould, feen from above, which, together with C, a, r, 4, e,f, g, A, is fuppofed to 
compleat the whole of the feftion, and is fuppofed to be properly fixed upon the 

arbour or mandrdl of a* flout chock lathe, capable of turning it with fleadinefs. 

< 

I. 

D is the center of the fphcre, and, upon an axis pafiing pcrpentEcularly through this 
center a frame is fuj^pofed to turn, that carries the tool, fo as to deferibe the^^adrant 
A B, and by that mearjs the femicircle ABC, /, /, m, is the upper furface of the 
cutting-tool, / tn being the cutting edge. Now if the edge Jw be formed into an arch 
of a circle, wbofe radius is lefs than the fphere to be deferibni, and whofe center (fup- 
pofe at ft) ii Capable by the inclination of dte fcamc tb be -brou^tinto the radius line 
A D, then it is evident, that il^ while the mould /r turns round its axis D B, the tool, 
by. gradual in^madon of its frame, palTes fivm A to B,the tool will cut off all fuperfitious 
matters that pr<^e6%d beyond its ftpeej), 'and alfeTtn cafe the eotting-edge of <tbe tool 
is regulated to a j# height, fo as to pt& through the oeiiter of modon the mould 
at B, then k is ^ain that %uti^diasde&r%ei miift be an cxaifl Itemif- 

pherc. * ♦ » ^ 

I * 


Nodung 
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|*TotIitng«an be more«videiat and iUnple than this f^liopolitioiij the svhele difficulty 
confifts in having thoie exaft adjufttnent^ that are raquilite to perform the necefTary 
comhtions, and, at the fame time, all the^ ftrength arid fteadincfs in the framing that is 
oecellary to work upon and cut dean a mafs ^ caft iron; for tliis purpofe 

E F is a fcftion of one cheek, and G H that of the other, of a mortice through the 
folid metal, for lodging the tool iklm, and the prolongation G K is for the reception 
of an hoUow wooden handle, fufficiently long for uunihg the frame fieadily round upon, 
its axis, while the cutting-edge of the tool is defcribing the quadrant A £. 

Fig. 2 flxcws an upright fedion of the mould, wherein the fame letters denote the 
feme things as in the formerSfigure, i m now ffiewing the upright of the tool wliofe 
cutting-edge is at *», this is puflicd towards it works by the fcrcw op, winch pafl^s 
thiough the ftud I, affixed to the projefting part G Kj and the tool is tightly held 
down in its mortice or fockct by L M, a wedge, which laft is flacked or drawn out by 
q, a counter vedge. The fockct G H, the prolongation or tail G K, are cad in one 
folid piece with Np, the upright axis, and tliofe with the projefting cars which are 
fupported. by and turned mund upon the points of the ferews R S, by which means the 
frame is made capable of* turning rodnd upon the line R C D A S, paffing through the 
,• center 'of the hemilphere A B C,. at the fame time that the frame will clear the face of 
the mould when in its mod inclined pofition, as is fliewn in fig. i ; where obferve,. that 
the dotted fqoare G N mews the fedlbn of tlie upright axis above and below the 
ifbcket,. as at N and b, fig. 2, and the dotted fpace G N Q, fig. i, Ihews the figure 
-or plan of the ears at top and bottom, where they engage with the points of the fctews 
R and S. 

* • 

Fig. 3 fhews the '^fore feont of die mould in the lathe, and the feme letters wiU de- 
note tiie fame ifiatters, bdfldes which T V W X Y.Z, &c. denotes a lb-ong.frame that fur- 
sound^be wWe mould, and fu^orts the fcrews R S upon which the upright move- 
«ble turns upon as a center, as already defcribed, which outward feame is to be firmly 
bolted down upon its . flat bale upon a ftout plank, which pkugk is to be made to (Ude 
, with cafe and certainly between the cheeks of the lathe^ fo as to move in a line parallel 
«o the axis of thq mandrill, and to fixat any diflance required from the end of the man- 
drill. It is akb. fisppoffid, that the axis of the mandrill is adjidlcd as nearly as poffible 
to a par^leltfm with die t^ks ..and pUtfotm of the lathe. 

Now the flrfl! neceflTaty that the he'^t of the cutting- 

edge of the tool fhall cxaAly pafe through the center of motion of the, giould, which 

* will 

\ 
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beft be done by trial, Ikqaufe if it leaves no oc^idsterance in the center, it is plain 
it has paiOcd through it; if an extuberanCe is left, it muft beby.palBng either above 
or below it, and which of them it is may be ften, and the. moving fratne Jet - halter or 
lower, by flacking one and tightenin^ithe other of the .iiQrews R $.» and n^etmng the 
trial till the furface is left without an extuberance in the center.. 

The leCOnd neceflary condition and adjuftment is, that the line joining the points of 
the fcrews R S lhail pafs througii D, the center of the Iphcre, that is, through the axis 
of the mandrel! produced, which will allb be befl; known by trial ; for this purpofe, let 
a gage circle be turned from thin plate brafs to the intended diameter of the ball or 
fphcrc of the mould j turn out alfo the central part of the area, leaving it a ring about 
\ or .J. of an inch broad, and cut this in two, which will thereby make two gages : thus 
provided, let a fweep be made for trial, and it will be known by the gages fitting the 
fwceped furface whether the cutting edge of the tool is at its proper diftance from the 
center, becaufe then the gage wid fit the fweeped furface when direfted towards the 
center j If not, let the tool be fet forward by the ferew o p, till they perfedfly agree, 
then running the gage tlirough the center and ityend it, if the gage bites hard upon the 
further quadrant, then the axis of R S is beyond the axis of the mandrel! j but if the 
matter beyond the center leaves the gage, then It is plain that the axis of R S is on the 
fide of the axis of the mandrcU that was the cutting fide of the mould, and, accord- 
ingly, this is corrcdlcd by flacking tlie ferew rr, and tightening the ferew //, or the 
contrary, till a fweep being taken, the gage every where Applies itfeJf to the hollow 
furface of the mould j and this adjuftment being once performed, there is notliing but 
gradual wear or violence to put it out again, and the gage being applied to every 
mould, it will always feen whether any apparent error gradually arifes. 

The ferew r r afts upon the ftud S, and the ferew / 1 upon the ftud V, both of which 
are caft upon^thc f^e piece of metal with TV, which carries the ferew R, \^d Aides 
. Cdeway in a chamfered groove in the upper bar of the outward frame, as is more 
particularly feCn in fig'. 2 . I have ddcribed the fame kind of Aide at the bottom 
Z S, See. but this is f^arccly necefiary j fortf the whole frame is bolted down upon the 
Aiding plaqk, fo that the line R S may on^a% be nearly: right, Vl^n T V is in the, 
middle, the srdjuftment may be fufiic:ently performed by Aiding the iiejew R only, for it 
• is no ways requifite that the line R S Aiould be exadly perpejndicular ■, but only that it 
pafles exactly through the axis of the mandrcU prnduced, but it witi be neceflaty that 
both the fcrews K and S Aiould have a eounter nut, as at the dotted lines w w and 
unlefs ihgr are made to forew Ifti^y throi%h dicir carriage-pieces. . ' 

, Q 7 - ' ? ’ • f ..1 ' ' ' : '''''' 

It 
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'ft is to be tinti t>ri iiiieof mouid} tbde ought to be oodimg 

leantBi^m die w^of a(ijofttneiit> b«^ to Tet die cOcting &dge of the tool to its juft 
diftaice ftonii^e^eiKeri and' et die tool cliangi^ in its hei^C by grinding, or a different 
«od| liO fee that kpalBfes d)rou|h die center, diit is, fiippofing the Qide of the plank 
duly plKtfonDed i and as, upon this Aide's being corrtdly pto^fermed, a great deal of the 
sale and facility of the ufe of this machine will depend j and as this correftneft may 
fecm difficult to arrive at, I will take occaGon to make an olifervation upon lath-makings 
which may apply itfelf to fcveral other things in the Correa works. To make the 
heads, &c. of a lath to Aide in a right line between the two parallel cheeks with eafe 
and facility, and without vaccilation or Aiaking, is in reality no eafy matter to perform j 
but if the near upright face of the further check is Aiot true and ftraight with a plane, 
and the upper face or platform of the two cheeks ftiot ftraight and flat, that is, out 
of winding, all which in carpentry is an cafy propofition ; if then all the matter com- 
pofing the feat of the heads is cut away or hollowed off, except about the value of i-i 
or 2 inches fquarfj at the four corners, and thefe prominences brought to a juft flat, lb 
as to fit true wititout lhake upon the platform of the la^h j if allb the far fide of the 
tenant is made to take its bearings at the outfidcs, fo as to apply itfelf fairly and fteadily. 
to the far cheek of the lath} then, if the, heads (or any other Aiding piece formed 
in this way) arc puAied home againft the far cheek with one hand, at the fame time that 
the Wedge or ferew is tightened by the otlier, it is plain that thefe heads or Aiders will 
obey tlie fame right lines that fc(rm the upright face of the back cheek and platform, and 

j, • V . 

it is then no niattcr whether the tenant fills the groove or not, but when flacked will be 
always at perfeft liberty. It feems hardly needful to fay, that for correct work tlie 
cheeks of a lath Aiould not only be made of dry feafoned’wood, but clean and free from 
crofs baits, to prevent their warping after made. 

o 

N. B, I am not well «cqu^intet) how well the Correa metal wOrks with a file, but, 
avoid all intricacy and trouble in forging, I would chufe the work to be call of gun- 
metal, or perhaps what may be better, i ounce of tin to ilb. of copper. 

• « 

The mbuld being foppofed hollowed to a true fphere, but a little too deep, thqn there 
will, be nodjing to do but to turn down the face of the rabbat h AC a, till the depth D Q 
is exaflly half of the width A G, and then two fuch. wUl form a Ipher e. 

It is plain from die fl^tfe, that to give'thc tool a proper bearing in its focket, that one 
upright fiame will not do for all Iiz^ j' the pfd*ent one is drawa at large to aafwer unv 
fize, .from a 241b. fliot to a ^Ib, another one will go from thal to a jlt). under which i’^will 
be proper to have one of a proportionable Gzej hut tliey will** all apply diernfelves to 
VoL. I. . F f f \ ' the 



' -any oilier •4^«^_.,h<iw. 

' ifver, ob%ve that .die ifcrewt, H.and$ 

thread «n4 wi<h &«tp ftocki,^ thatbelii%;|^ ttulf tumbd, may 

fo di« when tisned rpmid ia;d}eir fockas, their ceatmiiHU: not ienfihl|r vi^i ; • 

inacter r<ei|uisifig atcendoo^ Isut h^isg dojy attended ta» is dii&cnit th be pi^@|3c<dl|r 

IHsrIomiedi-,;.' . '" ' ■•.- •, r ■ ' • ' • 

I. Smeatok. 

*/lufib»p 9 f idth fantiafy, 1779. . . 


EXPLANATlOK«of two methods of ratting the Slide Carriages for the Carronadcs. 

* 

fig. I. reprefents the Aide carriage plank. 

C D. a piece of wood bolted on crofsways upon the under fide ; this tranfverfe piece 
is pierced towards each end by a female ferew capable pf leceiving a male ferew, one 
-of which is denoted by 

E F. a wood ferew 10 indies long in -the fcrewed pal:, aijd a mkHcs Idng in tfic head 
part F, which -is well bound with an iron hOop. and perforated crofsways with a couple 
of holes for fmall handfpikes. • The poGtion here Ihewn of ,the Aide plank is horizontal, 
or parallel to the deck, which, according to the flcetch font, its under fide in that po- 
fition was 1 2 inches, and in this pofitiop the part of tlie ferew Ihewn clear, viz. F G, is 
4 inches; fo that when the head F comes clofc to the tranverfe piece C D, the end 
Awill bclowercd 4 inches, and then the top of the fcrew will juft/€&ck^o the upper 
furface of the Aide plank, but without reaching through, fo that the hole cut through 
it to clear the ferew, may be covered with a thin plate if thought nepeffary j but if the 
fcrew if unferewed 4 inches more than is Aiewn in this poAtion of the Agure, fo that the 
top of the fcrew E will cohie -down to H, then the end A will b« raifed 4 inches higher, 
and yet the fcrew wUl have a inches bold of the box, which, containing three, thread;, 
will be fufficient to keep it ftcady. ^ • , 

Fig. a. A B reprefents the Aide carriage plank i«i%c ; C D Ihews «nc of two 
plants, bolted edgeways lander tKc carriage pia^c, into j6'fteps d<f, each i 
inch in height, and 2 inCbes in breadth. 


EF 


. oidWayst'tpng'endu^^'tb tike both tSIi' £tepjpe(l 

fi||p^'alfo into 6 ftq^s, g h i k lwt.^ Kewif ^ height of tke low^jftcp^' 
IS 4 inciies, incrcafc by i inch, dicn it is ei^dcht, if thit fteppcd wood Is drawn 
dMal lyk^ k. . Ae,j3iknk A will ^fcend i inck M a’tiwe, tiU the ftep g cpmes under the 
ftep r, ahd tilfe ftep k lindc? the ftep/i* then will the end ' A haWdef<^Kifed '4 inches * 
ijut. if from the prefent pofitTon the fteppcd wood is puftjed in one ftep at atjoie,, dien 
the end A will rife accordingly, till the ftep m being under the ftep and the ftep I 
under rite ftep a, fo that the plank A, or rather the point a, will be raifed‘4 fnehes j and 
if it is thouglit expedient to » keep them from jumping out of their places, the fmail 
ftaplcs n 0 being ftruck in at , each ^d the parts lafhed together with a marline,, 
tjiis, will b? fufficient to keep th^nn from ihifting the fteps upon a difeharge, as f 
apprehend. 

J. Smeaton*. 

Aufiherpe, Jan. ao, 1779. 


EXPLANATION of the Deiign for a new Nofe-Pipe for Carrmu 

A 

Fig. I. A*B is foppofed toVeprefent tlie fire ftbne that now makes the tuire of the 
furnace, whirh is fuppofedto be of the accuftomed thicknefs, but perforated with a 
l ound hole of 7 inches diameter, or of furh other width as it may be thought proper firft? 
to try. 

o % 

C D E F Ihews the horizontal fedtion of an iron tube ferving for the nofc-pipe, allb 
of 7 inches diimetfer, and checked into the ftone, and riie joint made good with fire 
day, whiefTround tube branches out fideways into 

C G H and D TK, which are the fedions of two oval tubes, whofe axis M L and. 
N L meet the axis of the main tube at L. . ^ 

J 

'' O P reprefeni two dove-tailed fliders, diat Ihut up the orifices of the ovaLfide 
tubes, fo as to be air tight} thpfe oval openings zfc propofed to be 4 inches wide 
by 6; inches high, fo diat on remowil of the Aiders every para of the opening of the 
tuire into the furnace may be feitt, iftsfc arm and inftnjpicntxin|roduccd by which it. 
may oceafiondly be luted, ai»f ^erifhut the wind will take its couife from the part of 
the tube £ F toward^, C P, in. a. parallel dirediiom 

* E f £ a 


4 N. Bi. 


^ ' r w 1 

’ N. B. tolitches of ^ a 

width, lyut freim dioice'to ^)crea&' graduidlf t^Merii^ «» ^ 'thcaiito M^ii)^ » 

aoce iMpe. ■ ^ ' '>:v 

F%. 2 .r(^tfv$sr^ upri^t iefltQn of the maU tul^ . 4 t %e line S T wppn t. " ; 

B F t& the main tube. 

O P (hews ^ oval hole' with the Aider drawn but. , * 

e ^ . 

QJl reprefcnts tlic Aider in its place, wherein, if thought convenient, v w in both’ 
figures reprefents an Iiole, whereto a piece of plate glafs being adapted, and Axed in 
each Aider, the condition of the tuire maj^, at all tifnes, be inipe^ed, withoth drawing 
the Aiders, or difturbing tlie blaft. 

J. Smeatom. 

May 2, 1779. ■ ' ' 
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A Comparative View of the State of the C&rren Furnaces- in Oftober, 1776^ and in 

September, 1778. ' 
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T '^Wtom fveoedifl^ tabfe there i^peare.* greiet tnoprovtsmeiit'in die d^tenfii^ 6f the 
^«eter, ^ m the year C77!6 hav fl^aoca expended ph,ooo eons per 24 hones* and in 

die year 1778 five furnaces expended 601*57,300. 

* 

It is, henveveri resMukable, that of the laft-mcntioned quantity, numbers z and 3 
expended 31,608 tons per 24 hours, while the other direc furnaces expended but 
25,750, the caufe of which difparity it may be, proper to enquire 1 for though 
every degree of accuracy, 1 doubt not, has been exerted in die new building of 
No. 6, and the rebuilding of No. 4, there is not that difierence in ’ the prin- 
ciple of aftion that can make thefe two machines fo very much exceed thofc 
of No. I and 3 ; for in point;^of cottftrudion 1 fliould not expe£t them to fall ihort of 
the performance of No. 4 and'6 more than 20 per cent. This difference I muff there- 
fore attribute in a great mcafure to the different widths of the nofe-pipes, which, as I 
have never heard of their being varied, I take for granted they Continue the fame they 
were in the year 1776, that is, as I have put them down. And I. have no dqybt but that if 
they, as wefl as No. 2, were furniflied with the fame kind of nofe-pipes that No. 4 and 
6 blow with, that they would then perform within a reafonable difference of thofe laff 
furnaces ; if not, the rel} .of the dificrence muft be fought for elfewhere, that is, cither 
in the untruth of the cylinders, too great fridtion of the leathers, a ftraightening of the 
wind paffages, or a genei^l difrepair of the machines} all which are matters well wortli 
looking into } for if two)furnaces can be worked with 14,026 tons per day, this is lefs 
than theavers^e quantity for each of the other chi^ee, which is 14,4++. 

Again, although it appears that the expenditure’ of No. 2 is greatly reduced, owing 

in part to the removal of Mr. Downing’s incumbrances, and in part to the rednflion 

of the number of cylind#sper minute, (which I fuppofe was alfo a conlequence of the 

reftitution,) yet if the •expenditure of No. 2, viz. 11,724 tons per da^, be reduced In 

propurtioh of 23 to 20 (which would certainly be the cafe if that wheel was raifed to 23 

feet high, like Nos. 4 and 6,) it would ftill e^tpend 10,195 t6ns, which is 2799 tons per 

day more tlnin that of No. 4 } and as there t^oes not appear to me any other thing in the 

confiru£bon of the machine No. 2, that fliould make it fall Ihort of Nq. 4, this extra 

expenditure by No. 2 remains to be accounted for, and which in part .1 doubt not is 

owing to the dflFcrcnce in its nofe-pipe. 

* 

That the difference of the. friftion of the leathers is capable of confiderably varying 
the expenditure of the water, I think appears pretty plain from Nos. 4 and 6, the 
fenner confuming more water by 1 1§ per cent, upon' the lellbr quantity, thjn the latter 
docs } and therefore, as they arc both nearly alike as pbflible, the No. 4 being the lail 

* . bulk 
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buUt fucottcf, It f«etns moH^robnble that die Adcs of Its cylinders. were not et theti^ 
got to fo grmt a fmootlu^fs^ its thqjfc of No. or that eefuldly ,No» 4 ms at ebos <.#81^- 
hafrder in its leathers. • " 

New» weftippofe Nos. t and 3 to be reformedfo as to perfeim within ao per cent; 
of No. 4, and No. a refo^roed fo as to perform as well as No, ,4, then the capenditurcs 
\\ ill Hand as fol]ows> viz. « 

, No. 1, 8875 No. 4, 7.396^ 

No. 2, 7396 No. 6, 6630. 

No. 3, 8875 j 

'39,17 a* 

From this ftatement it appears probable, tlut the confiimption of all the five furnaces 
may be rcducedto 39,172 tons per 24 hours; and as Catron furnilhcs in^dry fcafons 
26,400 tons (!cc report of 6th April, 1777,). there will then only remain '12,772 tons 
per 24 hours to be provided for out of the refervoirs ; and as it is dated in the fame re- 
port that the Home rc.'crvoirs alone contain, upon three feet depth to be drawn off, a trea- 
fury of 164,268 tons, this would fupply yfw furnaces at the rate above dated for near upon 
13 days; whereas the fame quantity, according to the view of the fubjcfl at that fime, 
was not likely to ferve four furnaces much above feven days. ]^it further, in cafe No. i 
or No. 3 were laid off in times, of fcarcity, or that they both together were allo'^ed but 
8875 tons per day to keep them alivej then there would be only 3097 tons per day to 
be provided for out of the reftrvoirs,. which would lad the furnaces at this allowance 
full fix weeks,, which, togttlier witlx die other command of water the company already 
have, feems to render the building a firc- 4 nginc of any condrqftion totally unneceffary,. 

tfpecially if the old engire is kept in working order to ferve 'an emergence. 

* • 

For feme time No. i led tbe van of all the works, now it Ts got ihto the rear oF all ; 
but if you had an opportunity of applying the nofe-pipc I tranfinitted in ray letter of 
the 13th uk. I have rcafonabJe expeftation that this furnace would once more lead, the 
van. * • ’ 

X^Smeaton, 


jUi/lborpti June 11,1779. 
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The REPORT of John Smeaton, Engineer, concerning the expedi^ 
cncy of opening the temporary Cut and Lock near Dalderfe, from the 
canal of Forth and C^de to the river Carron. 

utility of this cut, from Carron (hore and parts adjacent, appears from its firft 
conftruftion, which was to bring the ftones gdt from the quarries at and neai* 
Kinnaird, and brought down by tlie coal waggons to Carron more, there put on board 
fmall lighters, was brought through the temporary' cut, and brought to build the firft 
land lock, and other works in that quarter ; alfo the lime, pozzelana, and timber were 
brouglit for fomc time that wAy; and it being a work ordered by the Committee, prin- 
tipally by the advice of Mr. Mackell, he urged in favour of its expediency, that it 
would be the propereft accommodation to the Carron works, and that (in his way of 
exprefling himfclt ) that Company fliould never get any other. From this jt will appear 
(which I pecfedly remember) what were Mr. Mackell’s fentimentv concerning it at that 
time. On cxamjning it, which, at the requeft of the Carron Cempany, I did the 6th 
of November lafl:, I found both the cut and lock to all appearance in much better con- 
dition than I expeded the principal’ thing wanted to reftore it, will be a little jrjore 
roont, to get earth to ftrengthen and heighten the banks, equivalent to thofe of the main 
canal ; and refpeding thc’lock, for any tiling that appears, it feems to be likely to want 
little for fome time^ to come, more than new gate.s ; and the lock is of fo fmall a fize, 
that the head of the lock may be flnit by. a fiUgle gate, in fuch a way as to occafion 
much lefs leakage than the larger pointed gates, and in a mode that I firft put in prac tice 
upon the river CrJd^r in or about the year 1761, and which the laft December I had 
the plcafbrc to fee in perfed good order, Without liaving hail any derangement or 
repair. 

The conftant leakage being in this manner fecured to alt (mall veffels, having a right 
to pafs the canal proceeding fingly upwards, as much water will be faved to the laft, or 
fea reach, .as is equal to the difference of ‘area bctiveen the temporary lock and the canal 
locks, which is ifiuch more than double, and will be more than equivaleAt to the con- 
fumpt of fuch „veflcls as may happen to have- occafion to go downwards, from the 
temporary cut j befides, as this reach is of a confiderable length, and pretty capacious, 
anil naturally receives the regulating water, and all the leakages from above, there is the 
kaft fear of wanting water in this than any other of the reaches. 


' f remember 
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I remennber myfelf that this Accommodation ym fbequently mentioned as proper for 
the Carron Company, but n^ich ft that time they did tiot think fi|fficiently commodious^ 
Slid near dieir works. • . . . 

■ * 

As therefore it appears likely, that by opening this temporary cut and lock, ther« wilt 
be a conOderable increafe of freight'and tolls, without any lofs, that it will, for the 
ad?at^age of the whole, be a proper meafure to be carried imo execution. ^ 

7thFebrtiary, 178a. J. Smeaton. 

N. B. I apprehend that fmatl veflelswill generally pafs fingle, for it is to avoid wait- 
ing fpr freight that larger vcffels arc not ulcd; i 



To 
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To the CARRON COMPANY, 

GfiNTLF.MEN-, * 

TT is from what has occvirred to me in the experience of 30 years in the profenjori 
of civil engineery, that I have long enteitaiiictraij idea that call iron anchors, I mean 
thofc of the largeft fizes, would be found of equal if not fuperior ftrength to thofe of 
wrought iron ; and, though in a cafe where not only thdf lives of men, but the welfare 
of nations is concerned, no mercantile confideration ought to take place, nor oqght any 
thing to be fpared that can add to the perfeftion of fo very material an utenfil as that 
of the anchor ; yet if, upon a fair and full tidal, it fhall appear that call iron ones, of at 
proper compofition of metal, aft in reality equally or preferably to be depended upon> 
then the rcadinefs, cheapnefs, and facility wlierewith they are to be produced, appears 
to me a very fufficient rcafon (to fay notliing of the encouragement of a Britijh in contra- 
dirdnfriun to a foreign produftion) why luch a fair and full trial Ihould be made as Ihall' 
be fufficient to'.put the matter beyond a doubt, • 

• 

I never fuppofed that aay kind of call iron would be equal in bearing a ftrefs witli 
that of wrought iron, evfin’of a tolera*blc quality, provided tlie fize and lhape of thtf 
patter (o be formed of wrought iron is capable of being firmly welded,, and united in' 
one folid mafs; for this reaion, I cannot fuppofe any anchor can be formed of caft iron^ 
that fhall bear a ftrefs ^equal with one of wrought metal, whofc lhank is in the fmalleft 
part not more than 3 inches, or 3^ inches ip diarticter : but obferving in fuch large- 
anchors for firft and fecond rate fliips of war, as I hav^e had the opportunity of feeing 
v/hen broken, that the wrought bars of which they are compofed are veiy imperfectly 
welded and* united together in the infide } and’ having allb experienced on the other 
hand the very ^reat ftrain that large mafles of well-mixed caft iron will bear, whei» 
applied to die greateft ftreffes in mill and engine work, I have been naturally led to 
put the query, whether beyond fome certain medium, that is, whether in thofe very 
large and heavy anchors for the largeft Jhips, the fubftitution of caft iron, inftead of 
wrought, may not be in every refpedt lifefui and advantageous. 

• t 

% 

Had the trial you have communicated to 4ne, made by the officers of *his Msgefty’s 
yard at De^tfordy appeared to me conclufive, I Ihould have there refted the matter witlv 
them, as fully and fufficiently tried ; but, with all due deference to thofe gentlemen^ 
whofe knowledge in their profeffion entitles them m the greateft refpeCl from the public> 
1 beg leave to fay, that this is a new cafe, and therefore till it is tric^, iif a manner 
fimilar to that in which it is to be ufed, it is in faCl no trial*at alL * ' 

VoL. L * C S S Had 
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1 lad tlic propofition been tb try whether a wrought or a caft iron anchor, or indeed a 
bar of metal of any fize, would beft bear the blows of an iron ram or beetle, the mode 
of trial was perfedlly adapted to prove the point add I am fo far fatisficd of the fadV, 
as it turned out, that I even wonder that the palms w'ere not broken by the hammers j 
but I conceive there is nothing like the collifion of hard bodies in the real ufe of an an- 
chor at fea •, on the contrary, no ftrefs can poflibly be communicated more kindly than 
that of a Ihip to its anchor, through the intervention of a long cable. It is poflible, in 
letting go an anchor, it may fall upon a rock, but I conceive an anchor is never let go 
in foul ground by defi^n, and by choice, but yet it may happen and be neci-fiiu-y. The 
anchor in its delcent having ncceflarily the cable to haul out after it, and the flock of 
the anchor, like the log, to haul crofTways through the water, the velocity natural to 
the defeent of heavy bodies is hindered from taking place in fo great a degree, that 
let the w’ater be ever fo deep^ the velocity wherewith it ftrikes the ground is very mo- 
derate, and with this further circumflancc that muft attend it, that, from the anchor 
Aock and cable both conlpiring to aft as a rudder, the anchor will ncceflarily fall with 
its fhank near a pe/pendicular direftion, and therefore have the beft chance of imping- 
ing upon fome part of the crown that is fortified in the beft - mannei; to refill blows, as 
well as every other violence ; befides, the roc ks below the fiu face of the fea, being fup- 
pofed a continuation of the ftrata above it, and nearly of the fiimt; hardnefs, they arc com- 
parative to iion generally foft bodies, and the hardeft of them all that lay irf maflTcsv 
in this kingdom, that we know of, would, by fuc h a ftrokt^, be hruijed, lefs or more ; 
and this is certain, that the elFeft of a ftroke, where either of tjie bodies is bruifed, or 
will rebound by elafticity, is widely different from what will happen when neither of 
them will give way in a fenfiblc degree j I muft therefore conclude, that there is not, 
nor can be, any thing inr the real ule of an anchor that is in any degree analagous to 
the ftroke of an iron ram, inuclj lefs 'to fucli a ftroke applied crofsways upon its 
iliank* f ^ K 

f c 

The windmill, axis an^l oil-prefs that you caft for me the year 'before the laft, the 
former lias withftootl the fury of all the ftorms tliat have happened fince, without the 
lead likelihood of injury j and yet one blov/ of the Deptford piling-ram, properly di- 
refted, would deftroy it. The oil-prefs is in conftant v ork, and every five or fix mi- , 
nutes is fubjeit to an alternate prclftfre and rtleafe from it equivalent to 300 tons of 
dead weight, tending tlireftly to rend it in two ; and yet 1 believe a finglc well-dircfted 
blow of a fledge Jiammer would break it. If the' length of time of the ufe of thefe 
utenfils is not thought fuflicient, 1 mulljadd, that in the year 1755, that is 27 years ago, 
for the firA tirqe, I applied them ‘as totally new fubjefts, and the cry then was, that if 
tl’t ftrongfcft tiiiiibcrs arc not able for any great length of time to refill the aftion of the 
' I powers. 
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powers, what muft happen from the brittlenefs of caft irort^ It is fufficient to fay, tliat 
jiot only thofe very pieces of caft work are ftill in work, but that the good cffedl has in 
the north of England, where firft applied, drawn them iiito common ufe, and 1 never 
heard of any one failing. Your own method* of breaking up the largeft iron guns is 
alfo an example to the fame purpofc, where the blow arifing from the fall of an iron ball 
of 7 or 8 cwt. produces an effc£t that ten times the power of gunpowder would not ; 
for the adion of powder, though very quick, yet differs from the inftantaneous adion of 

a blow, in much the like manner as a line does from a fuiface. 

• . 

The mode of trial that w’Ould appear to me conclufive would be as follows : I would 
take two andiors, as nearly of a weight and dimenfions as poflible, the one of wrought, 
the ether of caft iron, not lefs tian three tons weight each (two tons I think too much 
in fiwour of the wrought iron for a firjl trial,') and placing them at a competent diftance 
in a right line, with the rings towards each other, for each I would dig a pit in the firm 
ground, capable of burying both the palms of each anchor : at the bottom of each pit I 
v. ould fix, edgeways upward, a large elm plank of lo inches or a foqt thick, into the 
middle of which I would mjike a moderate perforation of about 3 inches, to receive 
tlie point of the fluke of ca^'h anchor ■, thefe planks I would guard with piles in the 
fecureft manner poflible, t® prevent them, on the application of a great preffurc, from 
moving towards each other,* and then well ramming up the whole with earth, fo as to 
bury the anchor, the flunks Af each to be inclined u[)wards, fo that the rings may be 
at or near die fuj'facc. 

t 

Then having pr«ovided two pair of purchafe-blocks capable of purcliafing 15 or ic 
tons each, with fuitable tackle-fixlls, and cap-ftands, crabs, or tooth and wheel gins, 1 
would liook .one block of each pair to the ring of one anchor, and the other to the 
other, fecuring every thing as much as poflible ; and the tackle-falls being made to go 
off to the capftaflds., each by a iiiatcli block fideways, it is plain, that whatever ftrain 
is upon one. anchor, the fame will be on die other ; I would tlien proceed to heave till 
fomeihing gave way, and wliich ever of tliem kept the ground, after the other, by 
failure, was drawn out of it, would be che anchcr upon wliich I fliould be ready, in 
cafe of the greateft extremities, to pin my faith. , •• • 

* • ■ 

The expence of the triaj I fliould think no objefl-, for in cafe the caft-iron anchor 
was broke, and the other unhurt, there would be no lofs but of a little labour, and 
was I to go to fca, I fliould chufe the anchor that had been fo feverely tried, in prefe- 
rence of all others of the fame fize and kind ; but if the wought iron one gave way, 

^ • by 
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blndmg or breaking, ta quit the ground, while the eafi-iron one leoiamed 
ttnhurt, then a diicovery will rcfuk worth fhe price of aa anchors. 

In this manner, if the eaft-uron anchor ’proved the conqueror, I would i»oceed to 
try thofe of a kfifer weight, fo as to find (bmewhat nearly the. medium, at which the . 
wrought iron anchor would have the preference, keeping always on the fafe fide of 
the queftioa. 

o 

Thefe, gentlemen,<afterluU. confideration, are the reiult of my g&nuine fentiments of 
this ful^eft, wludi you have defired ; and if found ufeful towards determinii^ a point 
that may he of much utility,to the public fervicc, lhall think my pains and ftudy. well 
employed, and remain, > 

Gentlemen, 

IWith much efteem and relpcft. 

Your mod humble iervant, 

February 7, jySa. ' * J.‘ Smeatovt. 
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